PJ_74 47? 



Page 1 of 8S 



(19) 



(12) 



(43) Date of publication: 

21.05.1997 Bulletin 1997/21 

(21) Application number: 96118389.4 

(22) Date of filing: 15.11.1996 



Europaisches Patentamt 
European Patent Office 

Office europ6en des brevets (11) 

EUROPEAN PATENT APPLICATION 

(51) Int. Cl.«: C08G 63/20. C08G 63/80 



iiiiiiiiiiiiiiiiiiiiii 

EP 0 774 477 A2 



(84) 


Designated Contracting States: 


• Tetsuya, Hara, 




AT BE CH DE DK FR GB IT LI NL 


c/o Kuraray Co., Ltd. 






Kurashiki-City, Okayama-Pref. (JP) 


(30) 


Priority: 16.11.1995 JP 321309/95 


• Tsugunori, Kashimura, 




01.12.1995 JP 314564/95 


c/o Kuraray Co., Ltd. 




27.12.1995 JP 340541/95 


Kurashlkl-City, Okayama-Pref. (JP) 


(71) 


Applicant: KURARAY CO., LTD. 


(74) Representative: VOSSIUS & PARTNER 




Kurashiki-Clty Okayama Prefecture 710 (JP) 


Siebertstrasse 4 






81675 Munchen (DE) 


(72) 


Inventors: 




Shinji, Tai, 






c/o Kuraray Co., Ltd. 






Kurashikl-City, Okayama-Pref. (JP) 





CM 
< 

'St 

o 

Q. 
UJ 



(54) Copotyesters and molded articles comprising the same 

(57) Copolyesters consisting essentially of tereph- 
thalic add units and ethylene glycol units, and further 
conprising 1 to 4 mole % of alicyclic or aliphatic bifunc- 
tlonal compound units (a^ or 0.5 to 7 mole % of bifunc- 
tional compound units (32) derived from a specific 
aromatic diol or brfunctional compound units (33) 
derived from a condensed ring or ring assembly type 
aromatic dicarboxyiic acid, 0.005 to 1 mole % of multi- 
functional compound units (b^. and a specific amount 
of monofunctional compound units (c); copolyesters 
having a specific intrinsic viscosity and consisting 
essentially of terephthaiic acid units and ethylene glycol 
units, and further comprising 0.5 to 7 mole % of the 
above bifunctional compound units (33) and 0.005 to 1 
mole % of specific multi-functional compound units {t^ 
or(b3);and 

copolyesters consisting essentially of terephthaiic acid 
units and ethylene glycol units, and further comprising 
0.5 to 7 mole % of the above bifunctional compound 
units (33) and 0.005 to 0.5 mole % of the multi-functional 
compound units (bi). 

These copolyesters have excellent melt moldability, 
in particular extrusion blow moldability and give molded 
articles having excellent transparency, impact resist- 
ance, gelation characteristics, appearance, tactility. 
mechanical properties, heat resistance, chemical resist- 
ance and dimensional precision. 
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Description 

The present invention relates to copolyesters. processes for producing the same, to molded articles obtained from 
the same, and to processes for producing the moled articles. More specifically, the present invention relates to copoly- 
esters having a high melt viscosity and the non-Newtonian characteristics of exhibiting low viscosity at high shear rates 
and high viscosity at low shear rates and being provided with the excellent features on molding of generating no shark- 
skin flow or like melt fracture phenomena, suppressing the rate of crystallization and forming no gels, to processes for 
producing the same and to molded articles obtained from the same. Use of the copolyesters of the present invention 
for producing molded articles by extrusion blow molding or like melt molding processes insures smooth production of 
high-quality molded articles having excellent transparency, appearance and tactility and mechanical properties such as 
impact strength, as well as excellent heat resistance, moisture resistance and chemical resistance. In particular, the 
copolyesters of the present invention are suitably processed by extrusion blow molding. 

Resins of polyesters including polyethylene terephthaiate are excellent in various features such as transparency, 
mechanical properties, gas barrier properties and flavor barrier properties and. causing little worry with respect to resid- 
ual monomers and toxic additives, in hygiene and safety, when molded into shaped articles. The resins have therefore 
become widely used in recent years, while replacing polyvinyl chloride resin, for hollow containers to be filled with 
juices, soft drinks, relishes, oil, cosmetics, cleansers and similar items. 

Two representative processes for producing hollow shaped articles such as plastic containers may be extrusion 
blow molding which comprises extruding a melt plasticized resin through a die-orifice into cylindrical parisons and, while 
holding the parison as they are still softened, blowing a fluid such as air into the parison; and injection blow molding 
which comprises injecting a melted resin into a die to mold closed parisons (preforms) once and. after inserting them 
Into a blow die, blowing a fluid such as air Into the preforms. 

Of the above processes, the former. I.e. extrusion blow molding, is more simple than the latter, i.e. Injection blow 
molding, and needs no high techniques in preparing dies and for molding, and hence only requires low costs of equip- 
ment and die preparation. The extrusion blow molding is therefore suitable for multiple-product-small-quantity produc- 
tion and. forther, has the advantage of being capable of producing thin, thick or large articles and complex-shaped 
articles having a knob or like irregular fittings. 

Various attempts have therefore been made to conduct extrusion blow molding with general-purpose polyesters, 
such as polyethylene terephthaiate and polybutylene terephthaiate. However, generaliaurpose polyesters generally 
have low melt viscosity, so that, when they are extrusion blow molded, the parisons extruded markedly sag (drawdown) 
and become difficult to shape. In addition, crystallization tends to occur on blowing after extrusion, thereby deteriorating 
the transparency or shapability. These disadvantages of conventional polyesters as caused by their low melt viscosity 
and ready crystallizability are more marked when they are extrusion blow molded into long parisons having a length of, 
generally, at least 30 cm, which is required for producing large-size hollow molded shaped articles. As a result, it 
becomes very difficult to obtain shaped articles, in particular large holtow ones, having a uniform shape and size and, 
at the same time, good transparency from conventional polyesters by extrusion blow molding. 

For the above reason, in conducting extrusion blow niolding, there have been used polyvinyl chloride and polyolefin 
resins, which have high melt viscosity and cause the extruded parisons in a melted condition to sag only to a small 
extent. However, extrusion blow molded articles from polyvinyl chloride resin have some problems in hygiene or safety 
with respect to elution of toxic additives such as plasticizers and metal-containing stabilizers and. further, in that incin- 
eration of waste of the molded articles generates toxic gases. Their use has therefore been decreasing in Europe and 
other areas. Extrusion blow molding with polyolefins such as polyethylene results in that the resulting shaped articles 
become white turbid originating from crystals, so that the articles tend to have poor transparency and appearance. 

In view of the above, several proposals with respect to polyester resins applicable to extrusion blow molding have 
therefore been made, for instance: 

® US-A-5,182.359, EP-A-0 532 943 and JP-A-5-125165/1993 disclose a process for producing modified polyes- 
ters, which comprises using, on producing polyesters by reacting a dicarboxylic acid or ester-forming derivatives 
thereof with a diol component, the diol component containing an ethylene oxide adduct of bisphenol A. 
(2) Comparative Example of the above EP-A-0 532 943 and JP-A-7- 207003/1 995 disclose a process for producing 
copolyesters. which comprises, on producing polyesters by reacting a dicarboxylic acid or ester-forming derivatives 
thereof with a diol component, using the diol component of cyclohexanedlmethanol or the like. 
<S> United States Defensive Publication T954.005 discloses a process for producing branched polyesters, which 
comprises using terephthalic acid, ethylene glycol, 1 ,4-cyclohexanedimethanol and a small amount of multi-func- 
tional branching agent compound. 

® US-A- 4,161,579. 4.219,527 and 4.234.708 disclose a process for producing copolyesters to be processed by 
extrusion blow rnolding, which comprises using, besides a dicarboxylic acid component such as terephthalic acid 
or ester-forming derivatives thereof and a diol component such as ethylene glycol, a general-purpose multi-func- 
tional component such as trimethylolpropane. pentaerythritol or trimellitic ackl and a chain terminator such as ben- 



""174 477 



Pace 3 of 8B 



EP 0 774 477 A2 

zoic acid or stearic acid. 

® US-A- 4.182,841 JP-A-55- 92730/1980 disclose a process for producing copolyesters processable by extrusion 
blow molding, which comprises subjecting a dicarboxylic acid component such as terephthalic acid or ester-forming 
derivatives thereof and a diol component such as ethylene glycol to esterrfication or transesterrfication to obtain a 
5 low-polymerization-degree compound, conducting polymerization of the compound with a conventional crosslink- 

ing agent such as trimethylolpropane. pentaerythritol or trimellitic acid to prepare a prepolymer and subjecting the 
prepolymer to solid phase polymerization. 

© US-A- 4,554.329 discloses a process for producing copolyesters processable by extrusion blow molding, which 
comprises using terephthalic acid, isophthalic acid, a branching agent such as pentaerythritol and a terminating 
10 agent such as m-anisic acid. 

(2) US-A- 3,558,557. 4,188,357 and 4,196,275 disclose a process for producing branched polyesters, which com- 
prises using terephthalic acid, ethylene glycol, bisphenol A diglycol ether or bis[4-(2-hydroxyethoxy)phenyl] sulfone 
and a small amount of multi-functional branching agent compound. 

15 With the prior art processes of the above <3) and ® . the copolymerization of bisphenol A ethylene oxide adduct or 
cyclohexanedimethanol decreases the melting point of the resulting copolyesters. As a result, the melt extrusion tem- 
perature can be set at temperatures lower than before, so that the melt viscosity on extrusion blow molding can be 
Increased. Even then, however, the melt viscosity is not high enough to conduct extrusion blow molding and hence the 
parison extruded sags severely and can hardly shaped neatly, so that extrusion blow molding cannot run smoothly. As 

20 another disadvantage in conducting molding at low temperatures, extrusion blow molded articles such as bottles gen- 
erate a finely roughened surface, thereby deteriorating the appearance and tactility. In addition, the copolyesters 
obtained by the above prior art processes of ® and ® sometimes cannot undergo solid phase polymerization due to 
their low melting point. Or. if they can ever be solid phase polymerized, the rate of solid phase polymerization becomes 
very low and the degree of polymerization does not increase sufficiently In this case the melt viscosity can hardly 

25 increase sufficiently and molded articles obtained from such polyesters tend to have poor transparency or large thick- 
ness variation. 

With the above prior art process 0). where 1 ,4-cyclohexanedimethanol is copolymerized in a high ratio of 10 to 40 
mole % based on total diol units, low-temperature molding is possible due to the lowered melting point or to the copol- 
ymer having been made amorphous. Besides, the melt viscosity tends to become higher than that of copolyesters 

30 obtained by the above processes <3) and ® thanks to the branched structure formed by the multi-functional branching 
agent compound. However, the literature 0) does not mention solid phase polymerization at all. In fact, the copolyester 
obtained by the process ® , which is what is known an amorphous polymer or, if it be crystalline, has too low a melting 
point, cannot undergo solid phase polymerization. If the copolyester could be subjected to solid phase polymerization, 
the low melting point causes chips or pellets to stick together or the rate of polymerization becomes too low. so that a 

35 sufficiently high molecular weight cannot be achieved. Consequently, the melt viscosity of the obtained copolyester is 
not high enough to conduct extrusion blow molding, so that the extruded parison sags severely and cannot be shaped 
neatly and extrusion blow molding cannot be carried out smoothly. In addition, the process ® , like the above prior art 
processes ® and ® , tends to cause, suffering the disadvantage on molding at low temperatures, the obtained extru- 
sion blow molded articles to have a finely roughened surface, which deteriorates their appearance or tactility Further- 

40 more, high-temperature drying of the copolyester before molding leads to sticking together of chips or pellets and hence 
the drying shoukJ necessarily be conducted at a low temperature, which requires a long-time drying with a large-scale 
drying apparatus such as vacuum dryer and thus decreases the productivity. If the copolyester is amorphous, its chips 
or pellets tend to stick together at the bottom part of the hopper of extruder, which would stop extrusion operation. 
The copolyester obtained by the prior process ®, where a crosslinWng agent comprising a multi-functional com- 

45 pound and a chain terminator such as benzoic acid or stearic acid are used in combination, has a higher melt viscosity 
arKi melt strength as compared with ethylene-terephthalate homopolymer but has a higher rate of crystallization. The 
copolyester therefore forms spherulites on extrusion, so that the obtained extrusion blow molded articles undergo 
severe whitening and have poor transparency. In addition, on production of long parisons having a length of 30 cm or 
more by extrusion blow molding to produce large-size hollow articles, the bottom part of the parisons solidifies due to 

so crystallization, so that the pinch-off part of the bottom part of the obtained bottles or like containers becomes poorly 
sealed. Besides, the obtained molded articles tend to have, like with tiie above processes ® through ® . a minutely 
roughened surface, thereby showing poor appearance and tactility. With respect to the productivity of the copolyester. 
because the degree of crystallization increases sharply, the diffusion of ethylene glycol in the polymer, which is neces- 
sary for Increasing the rate of polymerization, is hindered and hence it becomes difficult to produce the desired copol- 

55 yester smoothly. Furthermore, the copolyester obtained by the process ®, which has an unusually high degree of 
crystallization, freiquentiy forms, in the extrusion step of extrusion blow molding, unmelted agglomerates, thereby hardly 
yielding good molded articles. These various disadvantages become hiore marked when the rate of resin extrusion is 
set at high levels, as is the case for the production of large-size hollow molded articles. 

The copolyester obtained by the above prior art process ® has, like the one obtained by the above process ® . 
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higher rate of crystallization as compared with ethylene terephthalate homopolymer. The copolyester therefore forms 
spherulites on extrusion of parison. so that the obtained extrusion blow molded articles undergo severe whitening and 
have poor transparency In addition, on production of long parisons having a length of 30 cm or more by extrusion blow 
molding to produce large-size hollow articles, the lower part of the parisons solidifies due to crystallization, so that the 
pinch-off part of the bottom part of the obtained bottles or like containers becomes poorly sealed. Besides, the degree 
of crosslinking of the copolyester cannot be controlled suitably, leading to formation of an over-crosslinked state, which 
causes gels to generate as agglomerates in molded articles and deteriorates the appearance. Furthermore, the 
obtained molded articles tend to have, like with the above processes 0 through @. a minutely roughened surface, 
thereby showing poor appearance and tactility The above U.S.R 4. 1 82.841 and Japanese Patent Application Laid-open 
No 92730/1980 which are mentioned above as the prior art. describe that a small amount of isophthalic acid or neo- 
pentyl glycol can be copolymerized. In this case, the crystallization rate of the copolyester is suppressed, so that the 
early solidification of the bottom part of parison on producing hollow molded articles and the whitening of the hollow 
molded articles are reduced to some extent. The over-crosslinked state will, however, still cause gels to generate and 
molded articles to have roughened surface. 

The above prior art process ® describes that copolymerization of a branching agent such as pentaerythritol and 
a terminating agent such as m-anisic acid, followed by solid phase polymerization, leads to production of copolyesters 
having a high melt viscosity and a high shear sensitivity of melt viscosity and generating less gels caused by over- 
crosslinkage Besides, copolymerization of a bifunctional component of isophthalic acid suppresses the crystallization 
rate of the copolyester. thereby lowering its crystallization rate at the bottom part of parison on production of hollow 
molded articles. Then, the solidification of the bottom part of parison on producing hollow molded articles and the whit- 
ening of the hollow molded articles tend to be reduced to some extent. However, on extrusion of the copolyester of the 
process © into a long parison having a length of 30 cm or more to produce large-size hollow molded articles, the bot- 
tom part of the parison extruded at first crystallizes, which whitens the bottom part of the hollow molded articles. Fur- 
thermore the process ® causes, like with the above processes ® through ® . the obtained molded articles to have 
minute roughening of the surface, which deteriorates the appearance and tactility markedly. In particular, where the 
throughput exceeds 20 kg/hr. as is the case of producing large-sized hollow molded articles by extruding a long parison 
having a length of 30 cm or more, the minute surface roughening becomes more marked and, at the same time, 
unmelted agglomerates tend to generate in the molded articles due to difficult melting of crystals. 

With the above prior art Q), which comprises copolymerizing bisphenol A diglycol ether or bis[4-(2-hydrox- 
yethoxy)phenyl] sulfone. low-temperature molding is possible thanks to the amorphous state or decrease in the melting 
point In addition, the obtained copolyester tends to have a higher melt viscosity as compared with the copolyesters 
obtained by the prior art processes ® and ® thanks to the branched structure formed by the multi-functional brand- 
ing agent compound used. However, the prior art (2) never mention solid phase polymerization, like the prior art ® . 
The copolyester obtained by the process ® . with the degree of polymerization increased only by melt polymerization, 
should have a low maximum achievable molecular weight. The copolyester therefore has an insufficiently high melt vis- 
cosity, which causes, on extrusion blow molding of large-size hollow articles requiring extrusion of a long panson having 
a length of 30 cm or more, the extruded parison to undergo severe drawdown. It is difficult to shape such a parison suit- 
ably and further to conduct extrusion blow molding operation smoothly. One may attempt, in order to obtain a copoly- 
ester having a high intrinsic viscosity by melt polymerization, to use large amounts of bisphenol A diglycol ether or bis[4- 
(2-hydroxyethoxy)phenyl] suHbne and a multi-functional branching agent compound. Tnis would cause, on the melt 
polymerization the copolyester to be exposed to high temperature for a long period of time, leading to thermal decom- 
position of bisphenol A diglycol ether. bis[4-(2-hydroxyethoxy)phenya sulfone and the like. The copolyester would then 
have a poor color tone and the melt viscosity would not be controlled properly. The copolyester would, when subjected 
to extrusion blow molding, give molded articles with deteriorated appearance and tactility and could hardly be molded 
smoothly Besides, the process ® tends, like with the above processes ® through ® . to have the disadvantage inher- 
ent to low-temperature molding of causing the obtained molded articles to have a minutely roughened surface, which 
deteriorates the appearance and tactility. Furthermore, where the amount of bisphenol A diglycol ether or bis[4-(2. 
hydroxyethoxy)phenyl] sulfone copolymerized has been increased and the crystallinity of the resulting chips has 
decreased, drying the copolyester at a high temperature before molding causes the chips or pellets to stick together, so 
that they have to be dried at a low temperature. This requires long-time drying with a large-size apparatus such as vac- 
uum dryer, thereby decreasing the productivity Where the copolyester is amorphous, the obtained chips or pellets tend 
to stick together at the bottom part of the hopper of extruder and render it impossible to continue extrusion operation. 

Furthermore, the copolyesters obtained by the above processes 0 through ® . as well as molded articles there- 
from cannot be said to have sufficiently high mechanical properties such as falling impact strength. While hollow 
molded articles such as bottles should have a falling impact strength of at least 1 m, our experiments of extrusion blow 
molding bottles from the copolyesters obtained by the processes <3) through ® showed that all of the bottles had a fall- 
ing impact strength of less than 1 m. thus proving to have problenns for practical purposes. In particular, bottles having 
a capacity of 1 liter or more, which would receive a large fracture energy, tended to break readily. Bottles from the copol- 
yesters obtained by the prior art process ® are particularly inferior in the falling impact strength, which fact is consid- 
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ered to be due to decrease In the mechanical properties of the copolyester as caused by copolymerization of 
isophthalic acid. 

The present inventors also conducted, separate from the prior art processes (3) through © . a follow-up experiment 
to produce by solid phase polymerization a polyethylene terephthalate having a high degree of polymerization. How- 
5 ever, it was found that the rate of the solid phase polymerization was very low, so that it was inrpossiWe to produce, in 
a short period of time and efficiently, a polyethylene terephthalate having a sufficiently high degree of polymerization 
and melt viscosity suitable for extrusion blow molding and like processes. This method is hence not applicable in prac- 
tice from the viewpoint of productivity. 

Accordingly, an object of the present invention is to solve the above problems and provide a polyester having the 
10 following features: 

(1) having a sufficiently high melt viscosity, thereby causing, on extrusion blow molding, the extruded parison to 
undergo no drawdown and be shaped into hollow articles smoothly; 

(2) having a low crystallization rate, so that the parison extruded forms no spherulites and the obtained extrusion 
IS blow molded articles and like molded articles to suffer no whitening and thus have good transparency; 

(3) not causing, on molding large-size hollow articles by extruding long parisons having a length of 30 cm or more, 
the bottom part of the parisons to undergo solidification, so that the obtained tx)ttles and like shaped articles do not 
suffer poor sealing of the pinch-off part at their bottom; 

(4) being capable of yielding various molded articles having excellent appearance and tactility with no finely rough- 
20 ened surface; 

(5) forming only few unmelted crystals or gels resulting from over-crosslinkage and thus being capable of yielding 
molded articles having no spots or agglomerates and having good transparency and appearance; 

(6) being capable of yielding molding articles with excellent impact strength; and 

(7) having high rate of solid phase polymerization and good productivity; 

25 

thus having excellent melt nroldability, in particular extrusion melt moldability and being capable of yielding, at high pre- 
cision and smoothly, high-quality molded articles having good dimensional stability, size precision, appearance, tactility 
and transparency. 

Anotiier object of the present invention is to provide a process for producing. In a short period of time and with good 
30 productivity, the polyester having the above excellent features. 

Still another object of the present invention is to provide a process for producing shaped articles by melt molding, 
in particular extrusion blow molding, the polyester having tine above excellent features. 

Yet another object of the present invention is to provide molded articles by the above molding process. 

Under the above situation, various attempts have been made, while centering on the above-described high per- 
35 formance of polyester resins and tiieir ever developing end-uses, in particular tiiose related to extrusion blow molding 
to produce large-size hollow articles, to create new copoiyesters based on polyethylene terephthalate. One of the 
attempts has succeeded in detaining a high-polymerlzation-degree polyester in a short period of time by the following 
process. The process comprises conducting esterlfication of a dicarboxylic acid component comprising terephthalic 
acid and a diol component comprising ethylene glycol and a small amount of bisphenol A ethylene oxide adduct, then 
40 conducting polymerization in a melted state to obtain a prepolymer and subjecting the prepolymer to solid phase polym- 
erization. This polyester has been found to be able to exhibit high melt viscosity on extrusion blow molding and yield 
hollow articles having excellent fansparency and appearance. See JP-A-6-99476/1994 and JP-A-7-258396/1995. 

The present inventors have further studied while taking the above findings into account, to find the following fact. 

That Is, solid phase polymerization of a polyester principally comprising terephthalic acid units and ethylene glycol 
45 units and, further, specific amounts of units from a specific bifunctional compound, units from a specific tri- or more 
multi-functional compound and units from a specific monofunctional compound can yield. In as short a period of time 
as with the process of the above JP-A-6-99476/1994 and JP-A-7-258396/1995, a copolyester having a high degree of 
polymerization and having the non-Newtonian properties of exhibiting a high viscosity at low shear rates and a low vis- 
cosity at high shear rates. The copolyester can be melt molded by various processes more smoothly than by the proc- 
50 esses of the above JP-A-6-99476/1 994 and JP- A-7-258396/1 995. 

The copolyester is particularly suitable for processing by extrusion blow molding, which comprises extruding a long 
parison having a length of 30 cm or more. Into large-size hollow articles. On extrusion blow molding, the copolyester 
has a sufficlentiy high melt viscosity, thereby causing no drawdown of extruded parison and smoothly yielding hollow 
articles having excellent transparency, color shade, appearance and tactility 
55 It has also been found that this copolyester developed by the present inventors has a low crystallization rate and. 
on extrusion of parison during extrusion blow molding, forms no spherulites. The obtained blow molded articles then 
suffer no whitening and have excellent transparency On extrusion of a long parison having a length of 30 cm or more 
to produce large-size hollow articles, the parison does not undergo solidification by crystallization at its lower part and 
causes no poor sealing at the pinch-off part of the bottom part of tiie resulting bottles or like shaped articles. It has fur- 
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ther been found that the copolyester exhibits an appropriate shear stress on melt molding, thereby yielding shaped arti- 
cles having excellent appearance and tactility with no surface roughening. Because the degree of crosslinkage of the 
copolyester has been well adjusted, the obtained molded articles have no gels as caused by over-crosslinkage and thus 
have excellent transparency and. at the sanne time, have good mechanical properties. 

The present Inventors have also found that the copolyester, having a high rate of solid phase polymerization, can 
be produced at a good productivity and economically. 

The present Invention provides: 

(1) a copolyester consisting essentially of terephthalic acid units and ethylene glycol units, 

(2) said copolyester further comprising: 

{{) at least one group of units (ai) from an alicyclic or aliphatic bifunctional compound selected from the group 
consisting of alicyclic or aliphatic dicarboxylic acids, diols and hydroxycarboxylic acids other than ethylene gly- 
col, in an amount of 1 to 4 mole % based on the moles of total constituting units of said copolyester; 
(li) units {bi) from at least one multi-functional compound having at least 3 carboxyl groups, hydroxy! groups 
and/or ester-forming groups of the foregoing, in an amount of 0.005 to 1 mole % based on the moles of total 
constituting units of said copolyester; and 

(iii) units (c) from at least one monofunctional compound selected from the group consisting of monocarboxylic 
acids, monohydric alcohols and ester-forming derivatives of the foregoing, in an amount satisfying the following 
formula (a): 



{20 X (p - 2) X bi} ^ 0 ^ {0.1 X (p - 2) xb^} (a) 

where: 

b^ = content (mole %) of units (b^) from said multi-functional compound in said copolyester 

c = content (mole %) of units (c) from said monofunctional compound In said copolyester 

p = average number of functional groups of said multi-functional compound deriving said units (b^). 

Hereinafter this copolyester is sometimes referred to as "copolyester (A)". 

The present invention also provides a process for producing the above copolyester (A), which comprises: 

(1) subjecting to esteriflcation or transesterification starting materials consisting essentially of a dicarboxylic acid 
component comprising terephthalic acid or ester-forming derivatives thereof and a diol component comprising eth- 
ylene glycol, said starting materials further comprising: 

(a) at least one alicyclic or aliphatic bifunctional compound selected from the group consisting of alicyclic or 
aliphatic dicarboxylic acids, hydroxycarboxylic acids and ester-forming derivatives of the foregoing arKl alicyclic 
or aliphatic diols other than ethylene glycol; . 

(b) at least one multi-functional compound having at least 3 carboxyl groups, hydroxyl groups and/or ester- 
forming groups of the foregoing; and 

(c) at least one monofunctional compourKi selected from the group consisting of monocart>oxylic acids, mono- 
hydric alcohols and ester-forming derivatives of the foregoing; 

® the content of said alicyclic or aliphatic bifunctional compound in said starting materials being such that 
the ratio between units (a^) from said alicyclic or aliphatic bifunctional compound and total constituting 
units of the resulting copolyester becomes 1 to 4 mole % based on the moles of the total constituting units; 
® the content of said multi-functional compound in said starting materials being such that the ratio 
between units (b-i) from said multi-functional compound and total constituting units of the resulting copol- 
yester becomes 0.005 to 1 mole % based on the moles of the total constituting units; arnd 
® the content of said monofunctional compound in said starting materials being such that the ratio 
between units (c) from said monofunctional compound and total constituting units of the resulting copoly- 
ester based on the moles of total constituting units satisfies the following formula (a) 



{20 X (p - 2) x b^) s c s {0.1 X (p - 2) X b^) (a) 
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where: 

b. - content (moie %) of units (bi) from said multi-functional compound in the resulting copolyester 

c - content (mole %) of units (c) from said monofunctionai compound in the resulting copolyester 

5 p I average number of functional groups of said multi-functional compound deriving said units (b^); 

(2) melt polycondensing the ester obtained in the above step (1) to prepare a polyester prepolymer; and 

(3) subjeSng said polyester prepolymer obtained in the above step (2) to solid phase polymenzat.on. 

10 The present invention further provides: 

(1) a copolyester consisting essentially of terephthalic acid units and ethylene glycol units. 

(2) said copolyester further comprising: 

15 (i) at least one graup of bifunctional compound units (ag) selected from the group consisting of: 

(a) diol units (I) each represented by the following formula (I) 
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Wherein A is a group represented by formula -CH^CH,- or formula -CH(CH )CH,- B is « bivalent f^ro- 
carbon group, a cattwnyl group, a sulfonyl group, an oxygen atom or a direct bond -) . R and R each 
indeperxlently. an inert substituent. j and k are each independently an integer of 0 to 8 and s and t are 
each, independently, an integer of 0 to 4; and 
(b) diol units (II) each represented by the following formula (II) 

wherein A is a group represented by formula -CHgCHa- or formula -CH(CH3)CH2-. is an inert substitu- 
ent m and n are each, independently, an integer of 0 to 8 and u is an integer of 0 to 4; 
in an amount of 0.5 to 7 mole % based on the moles of total constituting units of said copolyester; 

(ii) multi-functional compound units (b,) derived from at least one multi-functional compound having at least s 
carboxyl groups. hydro)5l groups and/or ester-forming groups of the foregoing, in an amount of 0.005 to 1 mole 
% based on the moles of total constituting units of said copolyester; and ,„^^*,„„»ha 
(ili) monofunctionai compound units (c) derived from at least one monof unrtional compound se erted^from the 
group consisting of monooaiboxylic adds, monohydric alcohols and ester-formmg der«/at.ves of the foregoing, 
in an amount satisfying the following formula (d): 



50 _ . . , (a) 



55 



where: 



c = 



{20 X (p - 2) X bil £ c s {0.1 X (p - 2) xbi) 



bi - content (mole %) of units (b,) from said multi-functional compound in said copolyester 

content (mole %) of units (c) from said monofunctionai compound in said copolyestw 

..... _> .11.: s. r^r\mr\m trtfi fiar\\/\nn RAin unit! 



p = average number of functional groups of said multi-functional compound deriving said units (bi). 

Hereinafter this copolyester is sometimes referred to as "copolyester (B)". 
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The present invention still further provides a process for producing the above oopolyester (B). which connprises: 

(1) subjecting to esterification or transesteriflcation starting niaterials consisting essentially of a dicarboxylic acid 
component comprising terephthalic acid or ester-fornning derivatives thereof and a diol component comprising eth- 
ylene glycol, said starting materials further comprising: 

(i) at least one bit unctionat compound selected from the group consisting of: 

(a) diols (III) represented by the following formula (III) 

Wherein A is a group represented by formula -CH2CH2- or formula -CH(CH3)CH2-. B is a divaJent hydro- 
carbon group, a carbonyl group, a sulfonyl group, an oxygen atom or a direct bond (-). R and R are each, 
independently, an inert substituent. j and k are each independently an integer of 0 to 8 and s and t are 
each, independently, an integer of 0 to 4; 

(b) diols (IV) represented by the following formula (IV) 

(R^ 

»-ir-'t^-Ch-i'-^ '''' 

wherein A is a group represented by formula -CHgCHa- or formula -CH(CH3)CH2-. is an inert substitu- 
ent. m and n are each, independently, an integer of 0 to 8 and u is an integer of 0 to 4; and 

(c) ester-forming derivatives of the above (a) and (b); 

(ii) at least one multi-functional compound having at least 3 carboxyl groups, hydroxy! groups and/or ester- 
forming groups of the foregoing; and . . ^ r 
(lii) at least one monofunctional compound selected from the group consisting of monocaiboxylic acids, mono- 
hydric alcohols and ester-fbmnlng derivatives of the foregoing: 

® the content of said bifunctional compound in said starting materials being such that the ratio between 
diol units (I) and/or diol units (II). and total constituting units of the resulting copolyester becomes 0.5 to 7 
mole % based on the moles of the total constituting units; 

® the content of said murti-functional compound in said starting materials being such that the ratio 
between units (bi) from said multi-functional connpound and total constituting units of the resulting copol- 
yester becomes 0.005 to 1 mole % based on the moles of the total constituting units; and 
® the content of said monofunctional compound in said starting materials being such that the ratio 
between units (c) from said monofunctional compound and total constituting units of the resulting copoly- 
ester based on the moles of the total constituting units satisfies the following formula (a) 



{20 X (p - 2) X bi) s c ^ {0.1 X (p - 2) xbi} («) 



where: 



c = 



content (mole %) of units (bi) from said multi-functional compound in the resulting copolyester 
V. = content (mole %) of units (c) from said monofunctional compound in the resulting copolyester 

p = average number of functional groups of said multi-functional compound deriving said units (bi); 

(2) melt polycondensing the ester obtained in the above step (1) to prepare a polyester prepolymer; and 

(3) subjecting said polyester prepolymer obtained in the above step (2) to solid phase polymerization. 
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The present inventors then found that, with the above copotyesters (B). selecting units from a specific component 
as the multi-functional compound units and adjusting the content of the units and intrinsic viscosity can. not necessarily 
with the monofunctional compound units (c) and thus without the monofunctional units (c), give a copolyester having 
the same excellent features, in particular extrusion blow motdability. as those of the above copolyester (B). 

Thus, the present invention yet further provides: 

(1) a copolyester consisting essentially of terephthalic acid units and ethylene glycol units. 

(2) said copolyester further comprising: 

(i) at least one group of bifunctional compound units (ag) selected from the group consisting of: 

(a) diol units (I) each represented by the following formula (I) 

wherein A is a group represented by formula -CH2CH2- or formula -CH(CH3)CH2-, B is a divalent hydro- 
carbon group, a carbonyl group, a sutfonyl group, an oxygen atom or a direct bond (-), R"* and are each, 
independently, an inert substituent. j and k are each independently an integer of 0 to 8 and s and t are 
each, independently, an integer of 0 to 4; and 

(b) diol units (II) each represented by the following formula (11) 



wherein A is a group represented by formula -CHgCHg- or formula -CH(CH3)CH2-. R^ is an inert substitu- 
ent. m and n are each, independently, an integer of 0 to 8 and u is an integer of 0 to 4; 
in an amount of 0.5 to 7 mole % based on the moles of total constituting units of said copolyester; and 

(ii) multi-functional compound units (b2) derived from at least one multi-functional compound having at least 3 
carboxyl groups, hydroxyl groups and/or ester-forming groups of the foregoing, at least one of said groups 
being carboxyl group or ester-forming group thereof, in an amount of 0.005 to 0.5 mole % based on the moles 
of total constituting units of said copolyester ; and 

(3) having an intrinsic viscosity of 1 .0 to 1 .4 dl/g. 

Hereinafter this copolyester is sometimes referred to as "copolyester (C)". 

The present invention yet further provides a process for producing the above copolyester (C), which comprises: 

(1) subjecting to esterrtication or transesterification starting materials consisting essentially of a dicarboxylic acid 
component comprising terephthalic acid or ester-forming derivatives thereof and a diol component comprising eth- 
ylene glycol, said starting materials further comprising: 

(i) at least one bifunctional compound selected from the group consisting of: 

(a) diols (III) represented by the following formula (III) 

wherein A is a group represented by formula -CH2CH2- or formula -CH(CH3)CH2-, B is a divalent hydro- 
carbon group, a carbonyl group, a sulfonyl group, an oxygen atom or a direct bond (-). R"* and R^ are each, 
independently, an inert substituent. j and k are each independently an integer of 0 to 8 and s and t are 
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each, independently, an integer of 0 to 4; 

(b) diols (IV) represented by the following formula (IV) 

wherein A is a group represented by formula -CHgCHa- or formiila -CH(CH3)CH2-, is an inert substitu- 
ent. m and n are each, independently, an integer of 0 to 8 and u Is an integer of 0 to 4; and 

(c) ester-fonnlng derivatives of the above (a) and (b); and 

(ii) at least one multi-functional compound having at least 3 catboxyl groups, hydroxyl groups and/or ester- 
forming groups of the foregoing, at least one of said groups being caitoxyl group or ester-fbrming groups 
thereof; 

® the content of said bifunctional compound in said starting materials being such that the ratio between 
diol units (I) and/or diol units (II). and total constituting units of the resulting copolyester becomes 0.5 to 7 
mole % based on the moles of the total constituting units; and , .i. ^. 

(2) the content of said multi-functional compound in said starting materials being such that the ratio 
between units (bg) from said multi-functional compound and total constituting units of the resulting copol^ 
yester becomes 0.005 to 0.5 mole % based on the moles of the total constituting units; 

(2) melt polyoondensing the ester obtained in the above step (1) to prepare a polyester prepolymer; and 

(3) subjecting said polyester prepolymer obtained in the above step (2) to solid phase polymerization. 

The present invention yet further provides: 

(1) a copolyester consisting essentially of terephthalic acid units and ethylene glycol units. 

(2) said copolyester further comprising: 

CO at least one group of bifunctional compound unrts (ag) selected from the group consisting of: 
(a) diol units (I) each represented by the following formula (I) 



wherein A is a group represented by formula -CHaCHs- or formula -CH(CH3)CH2-. B is a divalent hydro- 
carbon group, a cartionyl group, a suHonyl group, an oxygen atom or a direct bond {-). R and R are each. 
Independently, an inert substituent, j and k are each independently an Integer of 0 to 8 and s and t are 
each, independently, an integer of 0 to 4; and 
(b) diol units (II) each represented by the following formula (II) 



wherein A is a group represented by formula -CHaCHg- or formula -CH(CH3)CH2-, is an inert substitu- 
ent m and n are each, independently, an integer of 0 to 8 and u is an integer of 0 to 4; 
in an amount of 0.5 to 7 mole % based on the moles of total constituting units of said copolyester; and 

(Ii) multi-functional compound units (bg) derived from at least one aliphatic or alicyclic multi-functional com- 
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pound having at least 3 hydroxyl groups and/or ester-forming groups thereof, in an amount of 0.005 to 0.5 mole 
% based on the moles of total constituting units of said copoly ester; and 

(3) having an intrinsic viscosity of 0.8 to 1 .5 dl/g. 

Hereinafter this copolyester is sometimes refen-ed to as "copolyester (D)**. 

The present invention yet further provides a process lor producing the above copolyester (D), which comprises: 

(1) subjecting to esterrfication or transesterrfication starting materials consisting essentially of a dicarboxylic acid 
component comprising terephthalic acid or ester-forming derivatives thereof and a diol component comprising eth- 
ylene glycol, said starting materials further comprising: 

(i) at least one bifunctional compound selected from the group consisting of: 
(a) diols (III) represented by the following formula (III) 



wherein A is a group represented by formula -CH2CH2- or formula -CH(CH3)CH2-. B is a divalent hydro- 
carbon group, a carbonyl group, a sulfonyl group, an oxygen atom or a direct bond (-). R"" and R are each, 
independently, an inert substituent, j and k are each independently an integer of 0 to 8 and s and t are 
each, independently, an integer of 0 to 4; 
(b) diols (IV) represented by the following formula (IV) 



wherein A is a group represented by formula -CH2CH2- or formula -CH(CH3)CH2-. R^ is an inert substitu- 
ent, m and n are each, independently, an integer of 0 to 8 and u is an integer of 0 to 4; and 
(c) ester-forming derivatives of the above (a) and (b); and 

(ii) at least one multi-functional aliphatic or alicycllc compound having at least 3 hydroxyl groups and/or ester- 
forming groups thereof ; 

® the content of said bifunctional conpound in said starting materials being such that the ratio between 
diol units (!) and/or diol units (II), and total constituting units of the resulting copolyester becomes 0.5 to 7 
mole % based on the moles of the total constituting units; and 

® the content of said multi-functional compound in said starting materials being such that the ratio 
between units (bs) from said multi-functional compound and total constituting units of the resulting copol- 
yester becomes 0.005 to 0.5 mole % based on the moles of the total constituting units; 

(2) melt polycondensing the ester obtained obtained in the above step (1) to prepare a polyester prepolymer; and 

(3) subjecting said polyester prepolymer obtained in the above step (2) to solid phase polymerization. 

The present invention yet further provides: 

(1) a copolyester consisting essentially of terephthalic acid units and ethylene glycol units, 

(2) said copolyester further comprising: 

(i) at least one group of bifunctional compound units (ag) selected from the group consisting of units from a con- 
densed ring type aromatic dicarboxylic acid and units from a ring assembly type aromatic dicartjoxylic acid, in 
an amount of 0.5 to 7 mole % based on the moles of total constituting units of said copolyester; 




(III) 
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(ii) multi-functional compound units (bi) derived from at least one multi-functional compound having at least 3 
carboxyl groups, hydroxyl groups and/or ester-forming groups of the foregoing, in an amount of 0.005 to 1 mole 
% based on the moles of total constituting units of said copolyesler; and 

(iii) monofunctional compound units (c) from at least one monofunctional compound selected from the group 
consisting of monocarboxylic acids, monohydric alcohols and ester-forming derivatives of the foregoing, in an 
amount satisfying the following formula (a): 



{20x(p-2)xbi} ^ c {0.1 x(p-2)xbi} (a) 

where: 

bi = content (mole %) of units (b^) from said multi-functional compound in said copolyester 

c = content (mole %) of units (c) from said monofunctional compound in said copolyester 

p = average number of functional groups of said multi-functional compound deriving said units (bi). 

Hereinafter this copolyester is sometimes referred to as "copolyester (E)". 

The present invention yet further provides a process lor producing the above copolyester (E). which comprises: 

(1) subjecting to esterrfication or transesterification starting materials consisting essentially of a dicarboxylic acid 
component comprising terephthalic acid or ester-forming derivatives thereof and a diol component comprising eth- 
ylene glycol, said starting materials further comprising: 

(a) at least one bifunctional compound selected from condensed ring type aromatic dicarboxylic acids and ring 
assembly type aromatic dicarboxylic acids; 

(b) at least one multi-functional compound having at least 3 carboxyl groups, hydroxyl groups and/or ester- 
forming groups of the foregoing; and 

(c) at least one monofunctional compound selected from the group consisting of monocarboxylic acids, mono- 
hydric alcohols and ester-forming derivatives of the foregoing; 

® the content of said bifunctional compound in said starting materials being such that the ratio between 
units (aa) from said bifunctional compound and total constituting units of the resulting copolyester 
becomes 0.5 to 7 mole % based on the moles of the total constituting units: 

® the content of said multi-functional compound in said starting materials being such that the ratio 
between units (bi) from said multi-functional compound and total constituting units of the resulting copol- 
yester becomes 0.005 to 1 mole % based on the moles of the total constituting units; and 
® the content of said monofunctional compound in said starting materials being such that the ratio 
between units 

(c) from said monofunctional conrpound and total constituting units of the resulting copolyester based on the 
moles of the total constituting units satisfies the following formula (a) 



{20x(p-2)xbi} ^ c^{0.1x{p-2)xbi} (a) 

where: 

b-i = content (mole %) of units (bi) from said multi-functional compound in the resulting copolyester 

c = content (mole %) of units (c) from said monofunctional compound in the resulting copolyester 

p = average number of functional groups of said multi-functional compound deriving said units {bi); 

(2) melt polycondensing the ester obtained in the above step (1) to prepare a polyester prepolymer; and 

(3) subjecting said polyester prepolymer obtained in the above step (2) to solid phase polymerization. 

The present inventors also found that, with the above copolyesters (E), adjusting the content of the multi-functional 
compound units (bO can, not necessarily with the monofunctional compound units (c) and thus without the monofunc- 
tional compound units (c), give a copolyester having the same excellent features. In particular extrusion blow moldabil- 
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ity, as those of the above copolyester (E) . 
The present invention yet further provides: 

(1) a copolyester consisting essentially of terephthalic acid units and ethylene glycol units, 

(2) said copolyester further comprising: 

(i) at least one group of bifunctional compound units (33) selected from the.group consisting of units from a con- 
densed ring type aromatic dicarboxylic acid and units from a ring assembly type aromatic dicart>oxylic acid, in 
an amount of 0.5 to 7 mole % based on the moles of total constituting units of said copolyester; and 
(II) multi-functional connpound units (bi) derived from at least one multi-functional compound having at least 3 
carboxyl groups, hydroxyl groups and/or ester-forming groups of the foregoing, in an amount of 0.005 to 0.5 
mote % based on the moles of total constituting units of said copolyester. 

Hereinafter this copolyester is sometimes referred to as "copolyester (F)". 

The present invention yet further provides a process for producing the above copolyester (F), which comprises: 

(1) subjecting to esterification or transesterification starting materials consisting essentially of a dicarboxylic acid 
component comprising terephthalic acid or ester-forming derivatives thereof and a diol component comprising eth- 
ylene glycol, said starting materials further comprising: 

(a) at least one bifunctional compound selected from condensed ring type aromatic dicarboxylic acids and ring 
assembly type aromatic dicarboxylic acids; and 

(b) at least one multi-functional compound having at least 3 carboxyl groups, hydroxyl groups and/or ester- 
forming groups of the foregoing; 

0 the content of said bifunctional compound in said starting materials being such that the ratio between 
units (83) from said bifunctional compound and total constituting units of the resulting copolyester 
becomes 0.5 to 7 mole % based on the moles of the total constituting units; and 

© the content of said multi-functional compound in said starting materials being such that the ratio 
between units (b^) from said multi-functional compound and total constituting units of the resulting copol- 
yester becomes 0.005 to 0.5 mole % based on the moles of the total constituting units; 

(2) melt polycondensing the ester obtained in the above step (1) to prepare a polyester prepolymer; and 

(3) subjecting said polyester, prepolymer obtained In the above step (2) to solid phase polymerization. 

The present Invention also relates to molded articles, in particular extrusion blow molded articles, comprising any 
one of the above copolyesters (A) through (F). 

The present invention also relates to processes for producing molded articles, which comprise conducting extru- 
sion blow molding of the above copolyesters (A) through (F). 

The present invention is now described in detail. 

The copolyesters (A) through (F) of the present Invention (hereinafter sometimes referred to simply as "copolyes- 
ters of the present invention*') consist essentially of terephthalic acid units and ethylene glycol units and further com- 
prise other copotymerization units. 

It is generally preferred that the copolyesters of the present invention contain terephthalic acid units arxj ethylene 
glycol units in an amount in total of about 70 to 98 mole % based on the moles of total constituting units of the copoly- 
esters, more preferably 90 to 98 mole % on the same basis. With a total content of terephthalic acid units and ethylene 
glycol units in the copolyesters of less than 70 mole %. the copolyesters become amorphous and hence hardly achieve 
high degree of polymerization by solid phase polymerization. On the other hand, with the total content exceeding 98 
mole %. the crystals of the copolyesters cannot be melted easily, so that molded articles tend to have many unmelted 
agglomerates. 

The copolyester (A) of the present invention contains, In addition to terephthalic acid units and ethylene glycol units, 
at least one group of units (a^) from an alicyclic or aliphatic bifunctional compound selected from the group consisting 
of alicyclic or aliphatic dicarboxylic acids, alicyclic or aliphatic diols other than ethylene glycol and alicyclic or aliphatic 
hydroxycaitjoxylic acids, in an amount of 1 to 4 mole % based on the moles of total constituting units of the copolyester 
(A). 

With the copolyester (A), it is necessary as described above that the bifunctional compound units (a-|) be units from 
an alicyclic or aliphatic compound. If, for instance, the bifunctional compound units (a^) are isophthalic acid units, 
hydroxybenzoic acid units or the like, the resulting copolyester will give, when extrusion blow molded, bottles and like 
molded articles having finely roughened surface, which markedly impairs their appearance and tactility. In particular, on 
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molding large-size bottles or like shaped articles at a throughput of 20 kgAir or more, the.surtace roughening becomes 
more severe and. also, the molded articles have poor impact strength. ^. , ^ 

As the alicyclic or aliphatic bifunctional compound units (a^), any alicyclic or aliphatic dicarboxylic acid or did units 
othef *an Sne g units or any hydroxycarboxylic acid units may be used. Preferred examples of the unrts (a^) 
SJm a?alic12c or a ptetic blfunctio?.al comiund are those from aliphatic dicartoxylic acids, e^. malonic acid, suc- 
cS add aSrJc^ azelaic acid arxl sebacic acid; alicyclic acids, e.g. decalindica^oxyhc acid and eye ohexanedi- 
^*oS aci? ester:forming derivatives of the foregoing: aliphatic diols. e.g. 1 ,3-propaned.ol, 'f^'^^^yj^'^^^l'^- 
STaSS glycol neopentyl glycol and 2-butyl-2-ethyl-propanediol; alicyclic d.ols. e.g. cyclohexanedirn^hanol, 
SyToXS?c adds (ladoS acL), e.g. glycolic acid, hydroxyacrylic add and hydroxypropionic aad: arjd ejer- 
SSl^arlvaLs of the foregoing. The copolyester (A) of the present 7^°" ^"/^^^^^^^^^ °^ 
Dhatic bifunctional compound units (a,), either only one of the above structural unit or two or more thereof. 
w5,^JeSyeS?) STtheprUnt inv^ if the alicyclic or aliphatic acid units (aO are cylcohexanedimeth- 
anol m^arX cSoh!.anedicaL^^^^^^ acid units, the copolyester (A) will become readily producible and g,ve 

'^''^trCct^L^^^^^^^ 

ing on 2^ ydohexanedimethanol units. 1 ,3-cyclohexanedimethanoI units and 1 .4^clohe)«ned.methancrf un^^ The 
2m "cydohexanedicarboxylic add units" means at least one group of units selected from the group consisting of 1 .2- 
tJdohSnSSS^ckl units. 1 .3-cyclohexanedicait,oxylic add units and 1 .4-cyclohexanedicarboxylic acKJ units 
SfmoTpSe^ fo ^elert as the alicyclic or aliphatic bifunctional compound units (a,), 1 .4-cyclohexaned,mettiano 
ul^ZlZZXS^el^ca^y^^ acid units, which are readily available and which provkle the copolyester (A) 

and molded articles therefrom with still higher impact strength. 

Wthfre copolyester (A) of the present invention, it is necessary that the alicydic or aliphatic brfunchonal compound 
unitsT)*e cSni n an amount (when 2 or more groups of units from alicyclic or aliphat^. compounds are con- 
taiJLj *e LroTthSe units) of 1 to 4 mole % based on the moles of total constituting unrts of the copolyester (A). 

1? less thJ^ ? mole % of the bifunctional compound units (a,) is contained, the resulting copolyester may have ioo 
hiah a tySaaon rate thereby generating spherulites on melt molding, which cause whitening to impair he trans- 
p^encTcSZLTsZsXfy^JrL Besides, on molding large-size hollow artides requlruig extrusion of a ong pan- 
Sn SlmT°ength of at least 30 cm. the bottom part of the parison solidifies at an early stage due to crystalliza .oa 
rthSpiicSSff part at the bottom of bottles or like molded artides become poorly se^ed. Too high a crystalhnity 
Sio SusL ^ melt molding, molded articles to form unmelted agglomerates and have poor appearance. 

S thJotTerhand. if the content of the alicydic or aliphatic brfunctional compound unrts (a,) ^^^^^^^ 
the reL rang ^polyester may have too low a melting point and hence become unable to undergo phase polymer- 
SioTlfSw phase polymerization can ever be conducted in this case, the rate of solid phase polyme izatton w. I 
S^L^^^ s^f^X the degree of polymerization cannot increase to a desired level and the obtained copol- 
vaster and molded articles therefrom have poor mechanical strength. = 
>hecoXrtof the alicydic or aliphatic bifunctional compound units (a^) in the copolyester CA) is preferaWy in a 
rangrof 2 to 'l^L % baSd on the moles of total constituting units of the copolyester (A) - This range insures that the 
^^^Him cooolv^er (A) can be produced at high productivity and that the copolyester (A) exhibits a sufficienOy high 
S SoTS^Sgd^^^ melt molding such as extrusion blow molding more smoothly and yielding molded 
articles havina still better transparency arxl mechanical properties. ^♦k.,!^^^^ 
??e c^y^ers (B) through (D) of the present invention contain, in addition to terephthalic acid units and ethylene 
glycoTunS^lt teast one group of b-|functional compound units (a^) selected from the group consisting of dio unrts each 
JSseJtti by the above general fomiula (I) and diol units each represented by the above general formula (II) n an 
LrTunt Of 0 5^0 7 mole % based on the moles of total constituting units of the copolyeslers. If. for instance, ttie bifunc- 
Sonal compcfuS unTte (a J are isophthalic acid units, hydroxybenzoic add unrts or the like, the resulting copolyester will 
;r w3eirusion^^^^ mdded bottles and like molded artides having finely roughened surface, which majt^hr 
their appearance and tactilrty In particular, on molding large-size bottles or like shaped articl^ at a throughpu^ 
oTSI Xo^^'e Re surface rou'ghening becomes more severe and. also, the molded artides have poor impact 

50 ^^^ISThe did units (I) and/or diol unrts (II) of the copolyesters (B) through (D) of the present invention, the group A is 
a group (ettlene g^^^^^ represented by formula -CH^CHa- or a group (1 ,2-propylene group) represented by formula - 
SSSJchV With ?he copolyesters (B) through (D) of the present invention and wrth the dK)l units (I) and/or did units 
no SSned therein all ofthe group A may be ethylene group, all of the group A may be 1 .2-propylene group, or par 
K^^A r^ry be ethylene group with Ithe rest being 1 ,2-propylene group. Among these cases, rt "s desirable that 

55 °he gro^ A in t!?e diol unrts (1) and/or diol units (II) in the copolyesters (B) through (D) be ethylene group in view of eas- 
iness of orcxluGtlon of the copolyesters and production cost. 

TheSSrB^thedid units (I) is a divalent hydrocarbon group, a carbonyl group, a ^^^^^Jsroup. an oxygen atom 
or a dired bond (-) Where the group B is a divalent hydrocarbon group, the group is desirably an alkylene group or 
rM^ne grC tivinflTto 8 LrbSn atoms or a divalent aromatic group. Concrete examples of desirable divalent 
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hydrocarbon groups are methylene group, dichloromethylene group, ethylene group, ethylldene group, 1 ,2-propylene 
group, propylidene group, trimethylene group, isopropylidene group, butylidene group, ethylethylene group, tetrameth- 
ylene group. 1 -methylpropylidene group. 1 .2-dimethylethylene group, pentylidene group. 1-methylbutylldene group, 
pentamethylene group. 1-ethyl-2-methylethylene group. 1.3-dimethyltrimethylene group. 1-ethylpropylidene group, tri- 
methyl ethylene group, isopropylmethylene group, 1 -methylbutylidene group, 2.2-dimethylpropylidene group, hexameth- 
ylene group, 1 -ethylbutylidene group. 1 ,2-diethylethylene group, 1 ,3-dimethylbutylidene group, ethyltrimethylethylene 
group, heptamethylene group, octamethylene group. 1.1-cyclopentylidene group, 1 ,1-cyclohexylidene group. 1,1- 
cycloheptylidene group, 1,1-cyclooctylidene group, benzylidene group and 1 -phenylethylidene group. 

With the copolyesters (B) through (D) of the present invention, the group B cxjntained in the diol units (I) present in 
the copolyesters may be the same or different. Among the above, the group B in the diol units (I) of the copolyesters (B) 
through (D) of the present invention is preferably Isopropylidene group, sulfonyl group and/or 1,1-cyclohexylidene 
group, which leads to good thermal stability of the copolyesters on melting. 

With the copolyesters (B) through (D) of the present invention, j, k, m and n In the diol units (1) and/or diol units (II) 
are each independently an integer of 0 to 8. The j, k. m and n may therefore be the same or different. It is desirable that, 
in particular, j, k, m and n be each independently an integer of 1 or 2, more preferably each an integer of 1. which 
ensures easy production of the copolyesters. good thermal stability of the copolyesters on melting and good color 
shade of molded articles obtained from the copolyesters. 

In the diol units (I) and/or diol units (II) of the copolyesters (B) through (D) of the present invention, the benzene ring 
may be substituted with an inert substituent (R"" through R^). Preferred examples of the inert substituent R^ , R^ and R^ 
are lower alkyi groups, e.g. methyl, ethyl and propyl and halogen atoms, e.g. chlorine, bromine and iodine. With diol 
units (1) and/or diol units (II), s, tand u, which represent the number of inert subslrtuents are each preferably 0 to 2, more 
preferably 0. 

Examples of the diol units (I) which may constitute the copolyesters (B) through (D) of the present invention are, 
while any of the above diol units may be used, diol units from 2,2-bis[4-(2-hydroxyethoxy)phenyl]proiDane, 2-{4-[2-(2- 
hydroxyethoxy)ethoxy]phenyl}-2-[4'-(2-hydroxyethoxy)phenyl]-propane, 2.2-bis{4-[2-(2-hydroxyelhoxy)ethoxy]phenyl}- 
propane. bis[4-(2-hydroxyethoxy)phenyl] sulfbne. {4-[2-(2-hydroxyethoxy)ethoxy]phenyl}-t4*-(2-hydroxyethoxy)phenyl] 
sulfone, bis{4-[2'-(2-hydroxyethoxy)ethoxy]phenyl) sulfone, 1.1-bis[4-(2-hydroxyethoxy)phenyl]cyclohexane. 1-{4-[2-(2- 
hydroxyethoxy)ethoxy]phenyl}-1-[4'-(2-hydroxyethoxy)phenyl]cyclohexane, 1 ,1-bis{4-[2-(2-hydroxyethoxy)ethoxy]phe- 
nyl}-cyclohexane and 2,2-bis[4-(2-hydroxyethoxy)-2,3,5,6-tetrabromophenyl]propane. Among these, 2,2-bis[4-(2- 
hydroxyethoxy)phenyl]propane units or bis[4-(2-hydroxyethoxy)phenyl] sulfone units are preferably used as the diol 
units (I), in view of easy production of the copolyesters. good thermal stability of the copolyesters on melting and good 
color shade of molded articles obtained from the copolyesters. 

Prefen-ed examples of the diol units (II) which may constitute the copolyesters (B) through (D) of the present inven- 
tion are, while any of the above diol units may be used, diol units from l,4-bis(2-hydroxyethoxy)benzene, 1-(2-hydrox- 
yethoxy)-4-[2-(2-hydroxyethoxy)ethoxy]benzene and 1.4-bis[2-(2-hydroxyethoxy)ethoxy]benzene. Among these, use of 
1 ,4-bis(2-hydroxyethoxy)benzene units as the diol units (II) is more preferred, since this leads to easy production of the 
copolyesters, higher melt stability of the copolyesters and good color shade of molded articles therefrom. 

The copolyesters (B) through (D) of the present invention may contain either one or both of the above diol units (I) 
and diol units (II). 

With the copolyesters (B) through (D) of the present invention, it is necessary that the diol units (I) and/or diol units 
(II) be contained, as described above, in an amount (when 2 or more groups of diol units (I) and/or diol units (I!) are 
contained, the sum of these units) of 0.5 to 7 mole % based on the moles of total constituting units of the copolyester. 
If less than 0.5 mole % of diol units (1) and/or dioi units (II) is contained, the resulting copolyester may have too high a 
crystallization rate, thereby generating spherulites on melt molding, which cause whitening to impair the transparency 
of molded articles therefrom. Besides, on molding large-size hollow articles requiring extrusion of a long parison having 
a length of at least 30 cm, the bottom part of the parison solidifies at an early stage due to crystallization, so that the 
pinch-off part at the bottom of bottles or like molded articles become poorly sealed. Too high a crystallinity may cause, 
on melt molding, molded articles to form unmelted agglomerates and have poor appearance. 

On the other hand, if the content of diol units (I) and/or diol units (II) exceeds 7 mole %, the resulting copolyester 
may have too low a melting point and hence become unable to undergo solid phase polymerization. If solid phase 
polymerization can ever be conducted in this case, the rate of solid phase polymerization will become extremely low. so 
that the degree of polymerization cannot increase to a desired level and the obtained copolyester and molded articles 
therefrom have poor mechanical strength. 

The content of diol units (1) and/or diol units (II) in the copolyesters (B) through (D) is preferably in a range of 1 .5 to 
5 mole % based on the moles of total constituting units of the copolyesters (B) through (D). This range insures that the 
resulting copolyesters can be produced at high productivity and that the copolyesters exhibit a sufficiently high mett vis- 
cosity thereby undergoing melt molding such as extrusion blow molding more smoothly and yielding molded articles 
having still better transparency and mechanical properties. 

The copolyesters (E) and (F) of the present invention contain, in addition to terephthalic acid units and ethylene gly- 
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col units, at least one group of units (83) from a bifunctionat compound selected from the group consisting of condensed 
ring type aromatic dicarboxylic acids and ring assembly type aromatic dicarboxylic acids, in an amount of 0.5 to 7 mole 
% based on the moles of total constituting units of the copolyesters. If, for instance, the bif unctional compound units (83) 
are isophthalic acid units, hydroxybenzoic acid units or the like, the resulting copolyester gives, when extrusion blow 
molded, bottles and like molded articles having finely roughened surface, which markedly impairs their appearance and 
tactility. In particular, on molding large-size bottles or like shaped articles at a throughput of 20 kg/hr or more, the sur- 
face roughening becomes more severe and, also, the molded articles have poor impact strength. 

Examples of units from a condensed ring type aromatic dicarboxylic acid which may constitute the bifunctional 
compound units (83) are those from 1.4-naphthalenedicarboxylic acid. 2,3-naphthalenedicarboxylic acid. 2,6-naphtha- 
lenedicarboxylic acid, 2.7-naphthalenedicarboxylic acid. 1 .6-phenanthrenedicarboxylic acid. 2.7-phenanthrenedicarbo- 
xylic acid, 3.6-indoledicarboxylic acid and ester-forming derivatives of the foregoing. Among these. 2.6- 
naphthalenedicarboxylic add is prefen-ed in view of productivity and production cost. 

Examples of units from a ring assembly type aromatic dicarboxylic acid which may constitute the bifunctional com- 
pound units (83) are those from 4.4'-biphenyldicarboxylic acid, 3.4'-blphenyldtcarboxyIic acid and ester-forming deriva- 
tives of the foregoing. Among these, 4.4'-biphenyldicarboxylic acid is preferred in view of productivity and production 

cost. • / X 

With the copolyesters (E) and (F) of the present invention, it is necessary that the bifunctional compound units (83) 
be contained, as described above, in an amount of 0.5 to 7 mole % based on the moles of total constituting units of the 
copolyesters. If less than 0.5 mole % of the bifunctional compound units (33) is contained, the resulting copolyesters 
may have too high a crystallization rate, thereby generating spherulites on melt molding, which cause whitening to 
impair the transparency of molded articles therefrom. Besides, on molding large-size hollow articles requiring extrusion 
of a long parison having a length of at least 30 cm. the bottom part of the parison solidifies at an early stage due to crys- 
tallization, so that the pinch-off part at the bottom of bottles or like molded articles become poorly sealed. Too high a 
crystaliinity also causes, on melt molding, molded articles to form unmelted agglomerates and have poor appearance. 

On the other hand, if the content of the bifunctional compound units (83) exceeds 7 mole %. the resulting copoly- 
esters may have too poor crystallizabillty and too low a mefting point and hence become unable to undergo solid phase 
polymerization. If solid phase polymerization can ever be conducted in this case, the rate of solid phase polymerization 
will become extremely low. so that the degree of polymerization cannot increase to a desired level and the obtained 
copolyesters and molded articles therefrom have poor mechanical strength. 

The content of the bifunctional compound units (83) in the copolyesters (E) and (F) is preferably in a range of 1.5 
to 5 mole % based on the moles of total constituting units of the copolyesters. This range insures that the resulting 
copolyesters can be produced at high productivity and that the copolyesters exhibit a sufficiently high melt viscosity, 
thereby undergoing melt molding such as extrusion blow molding more smoothly and yielding molded articles having 
still better transparency and mechanical properties. 

By the way. during production of the copolyesters of the present invention, diethylene glycol which is the dimer of 
ethylene glycol is by-produced in a small amount, thereby permitting a small amount of diethylene glycol units to be con- 
tained in the resulting copolyesters. Presence of a large amount of diethylene glycol units in the copolyesters decreases 
their glass transition temperature, thereby creating the problems of worsening the thermal stability and discoloration. 
Molded articles from such copolyesters will have poor heat resistance, mechanical properties and color shade. It is 
therefore recommended to minimize the content of diethylene glycol units in the copolyesters. The content is preferably 
less than 1.5 mole % based on the moles of total constituting units of the copolyesters, more preferably not more than 
1 .4 mole % and most preferably not more than 1 .3 mole % on the same basis. Units from polyalkylene glycols such as 
polyethylene glycol also cause similar problems to the copolyesters and are hence desirably not contained in the copol- 
yesters of the present invention. The above content of 1 to 4 mole % of the alicyclic or aliphatic bifunctional compound 
units (ai) in copolyester (A) therefore means the value excluding that of diethylene glycol units and polyalkylene glycol 
units. 

The copolyesters (A). (B) and (E) of the present invention contain multi-functional compound units (bi) derived from 
at least one multi-functional compound having at least 3 carboxyl groups, hydroxyl groups and/or ester-forming groups 
of the foregoing, in an amount (when 2 or more groups of multi-functional compound units are contained, the sum of 
these units) of 0.005 to 1 mole % based on the moles of total constituting units of the copolyesters. If less than 0.005 
mole % of the multi-functional compound units (b^) is contained, the resulting copolyesters may not have a sufficiently 
high melt viscosity and hence will not exhibit non-Newtonian properties, thereby having poor moldabillty on melt mold- 
ing such as extrusion blow molding. In particular, extrusion blow molding is conducted, extruded parisons will sag 
severely and generate clogging or collapse, so that hollow molded articles having good shape cannot be produced. Fur- 
ther with the content of the multi-functional compound units (bi) being less than 0.005 mole %. the rate of solid phase 
polymerization on producing the copolyesters becomes very low. so that the productivity of the copolyesters decrease. 
On the other hand, if the content of the multi-functional compound units (b^) exceeds 1 mole %, the resulting copolyes- 
ters may have too much crosslinkage. which causes gels to generate. As a result, the resuHing molded articles suffer 
the problems of generating agglomerates and whitening, thereby impairing the transparency, appearance and tactility. 
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One may attempt to decrease the degree of polymerization in order not to cause generation of gels, which attempt how- 
ever leads to a decrease in the level of intermolecular entanglement and thus to poor mechanical properties. Further 
with the content of the muHi-functional units (bi) exceeding 1 mole %. the crystallization rate becomes too high on pro- 
ducing molded articles, so that spherulites generate to whiten the molded articles and impair their transparency^ In this 
case, the shapability becomes worse and. on extrusion blow molding, parisons tend to crystallize to impair the blow 
moldability. 

The content of the multi-functional compound units (bi) in the copolyesters (A). (B) and (E) is preferably in a range 
of 0 01 to 0 5 mole % based on the moles of total constituting units of the copolyesters. This range insures that the 
resulting copolyesters exhibit a sufficiently high melt viscosity, thereby undergoing melt molding such as extrusion blow 
molding more smoothly, preventing molded articles therefrom from whitening and poor shaping and providing them with 
still better mechanical properties. . •* , _ ^ 

The multi-functional compound units (bi) may be. with no specific limitation, any group of units from a multi-func- 
tional compound having at least 3 groups selected from the group consisting of carboxyl groups, hydroxyl groups and 
ester-forming groups of the foregoing. The multi-functional compound to derive the multi-functional compound units (b^) 
may have at least 3 carboxyl groups only, at least 3 hydroxyl groups only or at least 3 groups of carboxyl groups and 
hydroxy! groups in combination. ^ .. * 

Preferred examples of the multi-functional compound units (b^) are units from aromatic carboxylic acids, e.g. tn- 
mesic acid trimellitic acid. 1 ,2,3-benzenetricarboxylic acid, pyromellitic acid and 1.4.5.8-naphthalenetetracarboxylic 
acid aromatic polyhydric alcohols, e.g. 1 .3.5-trihydroxybenzene; aliphatic polyhydric alcohols, e.g. trimethylolpropane. 
trimethylotethane. pentaerythritol. glycerin. 1 .2.4-butanetriol and 3-methyl-1.3.5-pentanetriol; alicyclic polyhydric alco- . 
hols eg 1 3 5-cycIohexanetriol, 1,2.4-cyclohexanetrimethanol. 1.3.5-cyclohexanetrimethanol. 1 .2.4.5-cyclohexanete- 
trarTiethanol ' 1.3 7<Jecalinetrimethanol and 2.3.6-decalinetrimethanol; aromatic hydroxycarboxylic acids, e.g. 4- 
hydroxyisophthalic acid. S-hydroxyisophthalic acid. 2.3^ihydroxybenzoic acid. 2. 4-di hydroxy benzoic acid. 2,5-dihy. 
droxybenzoic acid. 2.6-dihydroxybenzoic acid, protocatechuic acid, gallic acid and 2.4-dihydroxyphenylacetic acid; 
aliphatic hydroxycaitooxylic acids, e.g. tartaric acid and malic acid; and ester-forming derivatives of the foregoing. The 
copolyesters (A), (B) and (E) of the present invention may contain either only one group of the above multi-functional 
compound units (b^) or 2 or more thereof. ^. ^ ^ , 

It Is desirable that the copolyesters (A). (B) and (E) of the present invention contain as the multi-functional com- 
pound units (bi) among the above examples, units from at least one multi-functional compound selected from the 
group consisting of trimellitic acid, pyromellitic acid, trimesic acid, trimethylolpropane and pentaerythritol. in view of eas- 
iness and cost of production of the copolyesters. In particular, ti-imellitic acid units and trimesic acid units are more pre- 
ferred, since these units suppress gelation. ^. . ^ ^ -w^ ^i*. 

The copolyesters (A). (B) and (E) of the present invention further contain, in addition to the above-described. bifunc- 
tional compound units (a,), (ag) or (as) and the multi-functional compound units (bi). monofunctional compound units 
(c) derived from at least one monofunctional compound selected from monocarboxylic acids, nnonohydnc alcohols and 
ester-forming derivatives of the foregoing. 

Witii tiie copolyesters (A). (B) and (E). the monofunctional compound units (c) act as terminating compound units 
and block tiie molecular chain terminal and/or branched chain terminal of the copolyesters. thereby preventing the 
copolyesters from generating excess crosslinkage and gels. The monofunctional compound units (c) may be. with no 
specific limitation, any group of units from at least one member selected from the group consisting of monocarboxylic 
acids, monohydric alcohols and ester-forming derivatives of the foregoing. 

Preferred examples of the monofunctional compound units (c) are units from aromatic monocarboxylic acids, e.g. 
benzoic acid, o-methoxybenzoic acid, m-methoxybenzoic acid, p-methoxybenzoic acid, o-methylbenzoicacid. m-meth- 
ylbenzoic acid, p-methylbenzoic acid. 2.3-dimethylbenzoic acid. 2.4-dimethylbenzoic acid. 2.5-dimethyIbenzoic acid. 
2 6-dimethylbenzoic acid. 3;4-dimethylbenzoic acid. S.S-dimethylbenzoic acid. 2.4.6-trimethylbenzoic acid, 2.4.6-tn- 
methoxybenzoic add. 3.4.5-trimethoxybenzoic acid. 1 -naphthoic acid. 2-naphthoic acid, 2-biphenytcarboxylic acid. 1- 
naphthaleneacetic acid and 2-naphthalenecarboxylc acid; aliphatic monocartjoxylic acids, e.g. n-octanoic acid n-non- 
anoic acid myristic acid, pentadecanoic acid, stearic acid, oleic acid, linoleic acid and iinolenic acid; ester-forming 
derivatives of these monocarboxylic acids; aromatic monohydric alcohols, e.g. benzyl alcohol. 2.5-dimethylbenzyl alco- 
hol 2-phenethyl alcohol, phenol. 1-naphthol and 2-naphthol; and aliphatic or alicyclic monohydric alcohols, e.g. penta- 
decyl alcohol stearyl alcohol, polyethylene glycol monoalkyi ethers, polypropylene glycol monoalkyi ethers, 
polytetramethylene glycol monoalkyi ethers, oleyl alcohol and cyclododecanol. These groups of units may ©'t'^e'' be 
contained singly or in combination of 2 or more as the monofunctional compound units (c) in the copolyesters (A). (B) 
and (E) of the present invention. x ^ i 

!t is desirable that the copolyesters (A). (B) and (E) of tiie present invention contain as the monofunctional com- 
pound units (c), among the above examples, at least one group of units from a nnonofunctional compound selected from 
the group consisting of benzoic acid, 2.4.6-trimethoxybenzoic acid. 2.naphthoic acid, stearic acid and stearyl alcohol, 
in view of easiness and cost of production of the copolyesters. 

It is necessary that the copolyesters (A), (B) and (E) of tiie present invention contain the above monofunctional 
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compound units (c) in such an amount (when 2 or more monofunctional compound units (c) are contained, the sum of 
these units) based on the moles of total constituting units of the copolyesters as to satisfy the following formula (a) 

{20x(p-2)xbi) s cs {0.1 x(p-2)xbi} (a) 

where: 



bi = content (mole %) of units (bi) from the multi-functional compound in the copolyesters 

c = content (mole %) of units (c) from the monofunctional compound in the copolyesters 

p = average number of functional groups of the multi-functional compound deriving the units (bi). 

In the above formula (a), the average number of functional groups p of a multi-functional compound deriving the 
multi-functional compound units (bi) means the average number of the functional groups of total multi-functional com- 
pounds used for producing the copolyesters. For example, where only a trifunctional compound is used as the multi- 
functional compound, p = 3. Where a trifunctional compound and a tetrafunctional compound are used in a molar ratio 
of 50:50. p = 3 X 0.5 + 4 X 0.5 = 3.5. Where the above two are used in a molar ratio of 20:80. p = 3 x 0.2 + 4 x 0.8 = 3.8. 

Let us take further example, which is not limitative, of the multi-functional compound units (bi) being trifunctional 
compound units derived from a trifunctional compound and the content of the multi-functional compound units (bi) in 
the copolyester being 0.1 mole %. This means that, in the above formula (a), p = 3 and bn = 0.1 (mole %) and hence 
the formula becomes 2 (mole %) ^ c ^ 0.01 (mole %). Thus the necessary range of the content of the monofunctional 
compound units (c) becomes 0.01 to 2 mole % based on the moles of total constituting units of the copolyester. 

If the content of the monofunctional compound units (c) in the copolyesters (A). (B) and (E) is less than the lower 
limit, i.e. {0.1 x (p - 2) x bi} (mole %). of the formula (a), the resulting copolyesters will have over-crosslinkage. These 
copolyesters tend to generate gels on melt molding, so that the obtained molded articles sometimes suffer the troubles 
of generating agglomerates and whitening and hence have poor appearance and transparency. On the other hand, if 
the content of the monofunctional compound units (c) in the copolyesters exceeds the upper limit, i.e. {20 x (p - 2) x b^} 
(mole %). of the formula (a), the rate of solid phase polymerization on producing the copolyesters tend to become low, 
so that their productivity sometimes decreases. It is desirable that the content of the monofunctional compound units 
(c) in the copolyesters (A), (B) and (E) be in a range satisfying: 

{10x(p-2)xbi} ^ c s {0.5x(p-2)xbi}. 

With the copolyester (B). the monofunctional compound units (c) are not always necessary In other words, some 
copolyesters can, without the monofunctional compound units (c). exhibit the same excellent properties, in particular 
extrusion blow moldability. as those of the copolyester (B) containing the monofunctional compound units (c) in an 
amount satisfying the formula (a). This occurs where the following conditions (1) and (2) are satisfied. 

(1) There are selected as the multi-functional conpound units (bi): 

(i) multi-functional compound units (ba) derived from at least one multi-functional conpound having at least 3 
caitoxyl groups, hydroxyl groups and/or ester-forming groups of the foregoing, at least one group among them 
being carboxyl group or ester-forming groups thereof, or 

(ii) multi-functional compound units (bs) derived from at least one aliphatic or alicyclic multi-functional com- 
pound having at least 3 hydroxyl groups and/or ester-forming groups thereof; the content of (b2) or (bs) being 
adjusted at an amount of 0.005 to 0.5 mole % based on the moles of total constituting units of the copolyesters; 
and 



(2) The intrinsic viscosity is adjusted within a specific range. 

The copolyesters (C) and (D), both containing no monofunctional compound units (c), are the embodiments of the 
above. With both copolyesters (C) and (D), the content of the multi-functional compound units (ba) or (bg) is preferably 
in a range of 0.01 to 0.4 mole % based on the moles of total constituting units of the copolyesters, from the same view- 
point as for the copolyester (B) having the monofunctional compound units (c). 

As the multi-functional compound units (bg) possessed by the copolyester (C). there can be used, with no specific 
limitation, units from any multi-functional compound having at least 3 carboxyl groups, hydroxyl groups and/or ester- 
forming groups of the foregoing, at least one group among them being carboxyl group or ester -forming groups thereof. 
The multi-functional compound deriving the multi-functional compound units (bg) may have at least 3 carboxyl groups 
only or at least 3. in total, carboxyl groups and hydroxyl groups. 

Prefen-ed examples of the multi-functional compound units (b2) are the same units from aromatic carboxylic acids. 
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aromatic hydroxycarboxylic acids, aliphatic hydroxycarboxylic acids and ester-forming derivatives of the foregoing, as 
mentioned for the multi-functional compound units (bi). These groups of units may be contained in the copolyester (C) 
either singly or in con:Tbination of 2 or more. 

It is desirable that the copolyeslers (C) of the present invention contain as the multi-functional compound units (ba). 
among the above examples, units from at least one multi-functional compound selected from the group consisting of 
trimellitic acid, pyromellitic acid and trimesic acid, in view of easiness and cost of production of the copolyester. In par- 
ticular trimellitic acid units and trimesic acid units are more preferred, since these units suppress gelation. 

As the multi-functional compound units (bg) possessed by the copolyester (D), there can be used, with no specific 
limitation, units from any aliphatic or alicyclic multi-functional compound having at least 3 hydroxyl groups and/or ester- 
forming groups thereof. The multi-functional compound deriving the multi-functional compound units (ba) may have at 
least 3 hydroxyl groups only or at least 3. in total, hydroxyl groups and ester-forming derivatives thereof. 

Prefen-ed examples of the multi-functional compound units (ba) are the same units from aliphatic polyhydnc alco- 
hols, alicyclic polyhydric alcohols and ester-forming derivatives of the foregoing, as mentioned for the multi-functional 
compound units (bO- These groups of units may be contained in the copolyester (D) either singly or in combination of 

2 or more. i*^ zc. x 

It is desirable that the copolyester (D) of the present invention contain as the multi-functional compound units (ba), 
among the above examples, units from at least one multi-functional compound selected from the group consisting of 
trimethylolpropane and pentaerythritol. in view of easiness and cost of production of the copolyester and suppression 
of gelation. 

With the copolyester (E). like the copolyester (B). the monof unctional compound units (c) are not always necessary. 
In other words, some copolyesters can, with no monof unctional compound units (c), exhibit the same excellent proper- 
ties, in particular extrusion blow moldability, as those of the copolyester (E) containing the monofunctional compound 
unit's (c) in an amount satisfying the formula (a). This occurs where the content of the multi-functional compound units 
(bi) (when 2 or more groups of multi-functional compound units (bi) are contained, the sum of them) is adjusted within 
a range of 0.005 to 0.5 mole % based on the moles of total constituting units of the copolyester. The copolyester (F), 
containing no monofunctional compound units (c). is the embodiment of the above. With the copolyester (F). the content 
of the multi-functional compound units (bi) is preferably in a range of 0.01 to 0.4 mole % based on the moles of total 
constituting units of the copolyester. from the same viewpoint as for the copolyester (E) having the monofunctional com- 
pound units (c). Also as preferred examples of the multi-functional compound units (bi) for the copolyester (F). the 
same ones as for the copolyester (E) having the monofunctional compound units (c) can be mentioned. 

The copolyesters of the present invention may contain copolymerization units other than the above-described 
groups of constituting units, in such small amounts (generally not more than 3 mole % based on the moles of total con- 
stituting units) as not to impair the properties of the copolyeslers. Examples of the copolymerization units are those 
derived from aromatic dicarboxylic acids. e.g. isophthalic acid, phthalic acid, diphenyl ether dicarboxylic acid, diphenyl 
sulfone dicarboxylic acid, diphenyl ketone dicarboxylic acid and sodium sulfoisophthalate: and aronnatic hydroxycarbox- 
ylic acids, e.g. hydroxybenzoic acid and marKlelic acid. 

Further as examples of the above copolymerization units, there can be mentioned: for the copolyester (A), struc- 
tural units mentioned as bifunctional compound units (ag) and (ag); for the copolyesters (B) through (D). those men- 
tioned as bifunctional compound units (a^ and (ag); and for the copolyesters (E) and (F). those mentioned as 
bifunctional compound units (aO and (a2). 

The intrinsic viscosity of the copolyesters (A). (B), (E) and (F) of the present invention is. varying according to the 
type of melt molding employed, desirably in a range of 0.8 to 1 .5 dl/g when they are to be subjected to melt molding 
accompanying melt extrusion, in particular extrusion blow molding. The intrinsic viscosity is more preferably in a range 
of 1 .0 to 1 .4 dl/g, in view of the mechanical strength and appearance of extrusion blow molded articles and the molda- 
bility and productivity on producing molded articles. In particular, if the intrinsic viscosity is less than 0.8 dl/g. parisons 
formed on extrusion blow molding will sag to a significant extent, thereby causing poor shaping and. further, the 
obtained molded articles will tend to have low mechanical strength. On the other hand, on conducting molding opera- 
tions accompanying melt extrusion, in particular on extrusion blow molding, if the copolyesters have an intrinsic viscos- 
ity exceeding 1.5 dl/g, the melt viscosity will become too high, so that, on melt extrusion, in particular extrusion blow 
molding, the molded articles will tend to form weld lines and. further, have poor appearance. Besides, there occur mold- 
ing troutiles. such as nonuniform throughput due to high torque on the extrusion. Furthermore, the copolyesters having 
an intrinsic viscosity exceeding 1 .5 dl/g require a long time for the extrusion thereof, so that the productivity of molded 
articles tend to decrease. The above relationship between the intrinsic viscosity of the copolyesters and the moldability 
thereof and the physical properties of molded articles obtained therefrom appears particularly markedly when they are 
extrusion blow molded. However, similar tendency is. not limited to extrusion blow molding, observed on melt molding 
processes accompanying melt extrusion in general, such as extrusion molding and injection-extrusion blow molding. 

From the same viewpoint, it is necessary that the copolyesters (C) have an intrinsic viscosity of 1 .0 to 1 .4 dl/g and 
that the copolyester (D) have an intrinsic viscosity of 0.8 to 1 .5 dl/g. preferat)ly 1 .0 to 1 ,4 dl/g. 

The copolyesters of the present invention desirably have a melt viscosity (n 1) at a shear rate of 0.1 rad/sec and at 
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decomposition or cause uneven extrusion or occurrence 'l^^J^ ^^^^^ only the elements of the melt vis- 

So raSsec and at a temperature of 270»C. but the follow.nfl oondrtion (p) . 

-0.7 s(l/3)logio(Tl2/Ti 1)3-0.2 

c^..«.^.e.»- 

given later herein. «h» r.roc«nt invention have a shark-skin critical shear stress (a ss) at a 

It is also desirable that the copolyesters o the P^f * '"^^ Jj""^;^^ , qq) at a shear rate of 100 /sec and at a tem- 
temperature of 270» C of at least 1 x 10« The present inventors have found that 

perature of 270°C of not more than the s^^^jj"^" ' ^^\o the afore^iescribed surface roughening of 
also the shear stress of copolyesters on meU nx^^d ng fl^^ ^JJ^" ^ temperature of 270-C is at least 1x10^ 
obtained molded articles. Where the shark-skin ''^'^.^^[^''^^^SS a tempe-^re of 270° C is not more than the 
dyne/cm^ and the shear stress (a 1 00) « J^^S^ on m^t molding such as extrusion blow mold- 

vLue of the shark-skin critical shear stress ^ss) the surfa^^ appearance and tacBlity can be 

ing is markedly suppressed, so that '^'^^^^'^l'^^^^^^^^^^ jTe ^o^e shear stress characteristics, marked 
Obtained. This is considered to be due toj^.^ the ^^^^Joo^iTer melts and the extruder die used, 
release of the elastic normal stre^ « ^^^^.^^^e^Z) at a shear rate of 100 /sec herein mean shear 

^e^rStrsTo^^^^^^^^^^ 
-^^s=r.rrtss:p;^^^^^^^ 

60°C. It is more preferred that the S'assjrans^on ternpera^^^^^ ^ ^^^^ copolyesters having 

articles obtained by extrusion blow -^Wl^fl^jJ^.^^^^^^^^^ in particular extrusion blow molded arti- 

:r\™rrrbirr - relaxation Of residual stress, thereby impa.nng the.r 

^^ir^^ur^erdesirablethatthecopolyestersoft^^^^^^^^ 

not more than 30 ^equivalent/g. It is more '^^^^^nr^^^^ an? suppression of wall roughening of 

It is further desirable that the copolyesters o ttie p^^^ 

srofriry^mS^^^ 

''^STrr^Sethatthecopolye.^^^^^^^^^ 

tallinity of copolyesters being less than 20%, smoothly. Besides, on molding, pellets 

polymerization, so that it becomes d.ffK:ult to conducn s^^^^^^ ^^^^ ^.^^ crystallinity 

Ir Chips cause blocking with each "'►'^^l^^^;*!? S ^^^^^^^ resin shrieking (sound generation due to 

exceeding 40%. pellets or chips cannot be melted easily, i nen. me 
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friction between pellets or chips) on molding, thereby applying heavy load to the molding machine and disturbing 
smooth molding. Besides, the resulting molded articles tend to have unmelted agglomerates and poor transparency, 
appearance or tactility. The crystalllnity of the copolyesters Is more preferably in a range of 25 to 35%. which insures 
smooth solid phase polymerization to increase the productivity of the copolyesters and smooth melt molding to obtain 

5 high-quality molded articles. 

It is further desirable that the copolyesters of the present invention have a cold-crystallization temperature of not 
more than ISO'C and. at the same time, a heat of crystallization at cold crystallization of not more than 20 ^'9^ '* me 
cold-crystallization temperature exceeds 150-C or H the heat of crystallization at cold crystallization exceeds 20 J/g. 
spherulites will grow rapidly, so that the obtained molded articles tend to become whitened and have poor transparency 

w Further on extrusion blow molding, parisons tend to solidify too early, leading to difficult shaping. It is more preferred 
that the cold-crystallization temperature be not more than 140°C and that the heat of crystallization at pold co'stalliza- 
tion be not more than 1 5 J/g, in order to retard the rate of formation of spherulites sufficiently, to obtain with good shapa- 
bility molded articles having excellent transparency The cold-crystallization temperature and the heat of crystallization 
at cold crystallization herein mean the values determined by differential scanning calorimetry and the details are as set 

IS forth in Examples to be described later herein. ^ ^ i. 

The copolyesters of the present invention can be produced in a short period of time and at good productivity by: 

(1) subjecting to esterification ortransesterHication starting materials comprising: 

20 (i) terepthalic acid or derivatives thereof; 

fii) ethylene glycol; ^. , 

.(ill) a bifunctional compound to introduce btfunctional compound units (a,), (aa) or (ag) into the resulting copol- 

yester; and „. x > /u x 

(iv) a multi-functional compound to introduce multifunctional compound units (bi), (b2) or (03). 
25 (V) said starting materials, as necessary, further comprising at least one monofunctional compound to intro- 

duce monofunctional compound units (c). selected from the group consisting of monocarboyxlic aads. mono- 
hydric alcohols and ester-forming derivatives of the foregoing; 

® the content of the bifunctional compound in the starting materials being such that: 
30 tor the copolyester (A), the ratio between bifunctional compound units (ai) derived from the bifunctional com- 

pound and total constituting units of the copolyester becomes 1 to 4 mole % based on the moles of the total 

constituting units, and , » j • ^ * tu 

for the copolyesters (B) through (F). the raHo between bHunctional compound units (ag) or (33) derived from the 
bifunctional compound and total constituting units of the copolyester becomes 0.5 to 7 mole % based on the 
35 moles of the total constituting units; 

® the content of the multi-functional compound in the starting materials being such that: 

(a) for the copolyesters of the present invention having monofunctional compound unrts (c), the ratio 
between multi-functional compound units (b,) derived from the multi-functional compound and total con- 
40 stituting units of the copolyesteis becomes 0.005 to 1 mole % based on the moles of the total constituting 

for'me copolyesters of the present invention having no monofunctional compound units (c). the ratio 
between multi-functional compound units (b,), (bg) or (bg) derived from the multi-functional compound and 
total constituting units of the copolyesters becomes 0.005 to 0.5 mole % based on the moles of the total 
45 constituting units; and 

® where a monofunctional compound is added, the ratio between the monofunctional compound units (c) 
derived from the monofunctional compound and total constituting units based on the moles of the total consti- 
tuting units satisfying the above-described formula (a); 

(2) melt polycondensing ttie ester obtained in tine above step (1 ) to prepare a polyester prepolymer; and 

(3) subjecting the polyester prepolymer obtained in the above step (2) to solid phase polymenzation. 

For the above processes for producing the copolyesters. there can be used as the bifunctional compound, multi- 
functional compound and monofunctional compound. «ie above-described bifunctional compounds for introducing the 
bifunctional compound unrts (ai). (az) or (aa). multi-functional compounds for introducing the multi-functional compound 
units (bi), (M or (M- and monofunctional oompourxis for introducing the monofunctional compound units (c), respec- 

On production of the copolyesters. it is recommended to mix the reaction components such that the molar ratio of 
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(total diol components) :(total dicart)Oxylic add conrtponents) becomes 1 .1 :1 to 1 .5:1 and. (a) where the copolyesters of 
the present invention have monofunctional compound units (c). that the molar ratio of (multi-functional compound com- 
ponent) -(total dicarboxylic acid components) is 0.0001 :1 to 0.02:1 and that of (monofunctional compound component) 
:(multi-functional compound component) is {0.1 x (p - 2)}:1 to {20 x (p - 2)):1 (p is as defined above), and (b) where the 
copolyesters of the present invention have no monofunctional compound units (c). that the molar ratio of (multi-func- 
tional compound component) :(total dicarboxylic acid components) is 0.0001 :1 to 0.01 :1 . Then the mixture Is subjected 
to esterification or transesterif ication. 

It is also recommended to carry out the above esterification or transesterif ication, generally, under atmospheric 
pressure to an absolute pressure of about 3 kg/cm^ and at a temperature of 230 to 300°C. while distilling off the water 
or alcohol that formed. After the reaction, additives such as polycondensation catalyst and coloring preventing agent 
are as necessary added. Thereafter.. melt polycondensation is conducted, generally, under a reduced pressure of not 
more than 5 mmHg and at a temperature of 200 to 300"C until a polyester prepolymer having the desired viscosity is 
obtained. On this occasion, the polyester prepolymer desirably has an intrinsic viscosity of 0.40 to 0.75 dl/g and an MFR 
exceeding 15.0 g/10 min. in view of handleability of the polyester prepolymer and like factors. 

Where a polycondensation catalyst is used for the above melt polycondensation. any catalyst for producing copol- 
yesters in general may be used. Examples of the catalyst are antimony compounds, e.g. antimony oxide; germanium 
compounds, e.g. germanium oxide: titanium compounds, e.g. tetramethoxytitanium, tetraethoxytitanium. tetra-n-pro- 
poxytrtanium, tetraisopropoxytitanium and tetrabutoxytitanium; and tin compounds, e.g. di-n-butyltin dilaurate. di-n- 
butyltin oxide and dibutyltin diacetate. These catalysts may be used singly or in combination of 2 or more. With use of 
a polycondensation catalyst, its amount is desirably in a range of 0.002 to 0.8% by weight based on the weight of the 
dicarboxylic acid component. 

Where a coloring preventing agent is used, there can be used phosphorus compounds, e.g. phosphorous aad, 
phosphoric acid, trimethyl phosphite, triphenyl phosphite, tridecyl phosphite, trimethyl phosphate, tridecyl phosphate 
and triphenyl phosphate. These phosphorus compounds may be used singly or in combination of 2 or more. With use 
of a coloring preventing agent comprising any one of the above phosphorus compounds, its amount is desirably in a 
range of 0.001 to 0.5% by weight based on the weight of the dicarboxylic acid component. 

It is recommended, in order to suppress coloring of copolyesters due to thermal decomposition, to add a cobalt 
compound such as cobalt acetate, in an amount of 0.001 to 0.5% by weight based on the weight of the dicarboxylic acid 
component, more preferably 0.05 to 0.3% by weight on the same basis. 

Presence of a large amount of diethylene glycol in the copolyesters causes, as described above, the copolyesters 
to have a decreased glass transition temperature. Then, the heat resistance worsens and discoloration occurs and 
hence bottles molded from such copolyesters have poor heat resistance, strength and color shade. It is therefore also 
desirable to conduct the above esterification or transesterif ication and/or melt polycondensation in the presence of an 
agent that can suppress byproduction of diethylene glycol, e.g. tetraalkylammonium hydroxides such as tetraethylam- 
monium hydroxide and organic amines such as triethanolamine and triethylamlne. which can reduce the content of 
diethylene glycol in the copolyesters. . . 

Then, the polyester prepolymer obtained by the above polycondensation is formed into chips or pellets naving a 
die- cylindrical or any optional shapes, which are, after being pre-dried at a temperature of generally not more than 
190°C. subjected to solid phase polymerization until the intrinsic viscosity, MFR and like indexes reach the desired val- 
ues, to yield the desired copolyester. The solid phase polymerization is desirably conducted under vacuum or a reduced 
pressure or under an atmosphere of an inert gas such as nitrogen. It is desirable, during the solid phase polymerization, 
to f luidize by appropriate means such as tumbling process or gas f luidized bed process, the chips or pellets of the pol- 
yester prepolymer. in order that they will not stick together. The solid phase polymerization is desirably conducted gen- 
erally at a temperature of 180 to 240'»C. more preferably 190 to 230°C. Furthermore, it is recommended to set the 
temperature for the solid phase polymerization at. within the above range, at least 15°C. preferably at least 20'>C lower 
than the melting point of the copolyester to produce (one obtained finally), in view of prevention of sticking between 
chips or pellets. The solid phase polymerization Is desirably conducted for. generally, about 5 to 40 hours in view of pro- 
ductivity and the like, ^ ^ ' ^ t 

Carrying out the above series of steps can produce the copolyesters of the present invention in a short period of 

time and at a high productivity ^ 
The copolyesters of the present invention have excellent melt moldability. transparency, heat resistance and 
mechanical properties. They can therefore be molded by extrusion blow molding. Injection-extrusion blow molding, 
extrusion molding. Injection molding or like melt molding processes into various molded articles. The copolyesters of 
the present invention are suited for molding accompanying melt extrusion, in particular extrusion blow molding. The 
copolyesters of the present invention can. when processed by melt molding, in particular those accompanying melt 
extrusion, e.g. extrusion blow molding, injection-extrusion blow molding, extrusion molding and injection molding, yield 
with good productivity molded articles having excellent dimensional precision, transparency, heat resistance, moisture 
resistance and chemical resistance. In particular, on extrusion blow molding of the copolyesters of the present inven- 
tion, parisons extruded have good drawdown property, so that the drawdown time is maintained within a suitable range 
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and the parisons have a uniform diameter. Besides, a good blow motdability is achieved without causing troubles on 
molding thereby producing hollow molded articles having good shape and dimensional precision smoothly and with 
good productivity. The obtained hollow molded articles can yield extruded blow molded articles having excellent trans- 
parency, heat resistance, moisture resistance, chemical resistance and like properties. 

Melt molding of the copolyesters of the present invention can be conducted following conventional procedures for 
each of melt molding processes used for thermoplastic resins in general, e.g. extrusion blow molding, injection-extru- 
sion molding extrusion molding and injection molding, and is not particularly limited with respect to concrete content or 
conditions of the procedure. In particular, on extrusion blow molding of the copolyesters of the present invention, the 
type of extrusion blow molding is not specifically limited. That is, in the same manner as in known extrusion blow mold- 
ing the copolyesters of the present invention can be melt extrusion molded into cylindrical parisons. which are. while 
being in a softened state, inserted into a die for blowing and then air or like gases is blown into the die to swell the pan- 
sons into the desired hollow shapes defined by the shape of the die cavity. In this case, it is desirable to adjust the melt 
extrusion temperature within a range of (melting point of copolyester + 10<>C) to (melting point of copolyester + 70°C). 
in view of moldability. 

The shaped articles of the present invention may be of any shape, with no specific limitation, and they can assume, 
according to each use. the shape of. for example, hollow article, tube, plate, sheet, film, rod and die. The shaped articles 
have any size with no specific restrictions. Among these, the present invention is particularly suitably applied to hollow 
articles obtained by extrusion blow molding. ^ , 

Further the shaped articles obtained from the copolyesters of the present invention may be formed of the copoly- 
esters alone or have the shape of laminates with other plastics, metals, fibers, fabrics or like other materials, or may be 
of a shape other than the laminates, in combination with the above other materials. In particular, where the shaped arti- 
cles of the present invention are extrusion blow molded articles, they can be formed into single-layer hollow articles (ag. 
hollow containers) comprising the copolyesters of the present invention only or multilayer hollow articles formed of the 
copolyesters of the present invention in combination with other plastics such as polyethylene, polypropylene, ethylene- 
vinyl alcohol copolymer or polyethylene terephthalate (PET). More concretely, mentions are made of 3-layer bottles 
having a construction of PET layer/the copolyester layer/PET layer. 5-layer bottles with PET layer/the copolyester 
layer/PET layer/the copolyester layer/PET layer. The shaped articles of the present invention are. however, not limited 

to these examples. , • w • 

The copolyesters of the present invention may. as necessary, incorporate other thermoplastic resins ana vanous 
additives conventionally used for polyester resins in general, e.g. coloring agents such as dyes and pigments, stabiliz- 
ers such as UV absorbers, antistatic agents, flame retardants. flame retardant auxiliaries, lubricants, plasticizers and 

inorganic fillers. i_ ^ • * x 

The copolyesters of the present invention have a high melt viscosity and the non-Newtonian charactenstics of 
exhibiting low viscosity at high shear rate and high viscosity at low shear rate. The copolyesters also have the excellent 
features on molding of suffering no melt fracture such as shark-sWn flow, having the crystallization suppressed and gen- 
erating no agglomerates. The copolyesters of the present invention have therefore excellent melt moldability and can 
be melt molded very smoothly by extrusion blow molding, injection-extrusion blow molding, extrusion molding, injection 
molding or like melt molding processes. By these molding processes, the copolyesters give high-quality molded articles 
having excellent transparency, surface conditions, appearance and tactility. as well as excellent mechanical properties 
such as impact strength, dimensional precision, heat resistance, moisture resistance and chemical resistance. 

The copolyesters of the present invention have, in particular, high melt viscosity and good melt viscosity character- 
istics suited for. among the above melt molding processes, those accompanying melt extrusion, in particular extrusion 
blow molding. On extrusion blow molding of the copolyesters of the present invention, good parisons are formed. The 
drawdown time is maintained within a suitable range and the parisons have a uniform diameter. Besides, good blow 
moldability is achieved without causing troubles on molding, thereby producing, smoothly and with good productivity, 
hollow molded articles having good shape with no distortion or deformation and good dimensional precision. The copol- 
yesters of the present invention can be markedly suitably used for extrusion blow molding of large-size hollow articles 
via relatively long parisons having a length of at least 30 cm. 

The processes for producing copolyesters of the present invention can produce, with good productivity and eco- 
nomically, the copolyesters having the above features in a short period of time, in particular in a shortened solid phase 
polymerization time. 

EXAMPLES 

Other features of the invention will become more apparent in the course of the detailed descriptions of exemplified 
embodiments which are given for illustration of the invention and are not intended to be limiting thereof. In the Examples 
and Comparative Examples that follow, the content of each of the structural units and properties of polyesters (copoly- 
esters or homopolyesters) and evaluations of the drawdown property and blow moldability of parisons on extrusion blow 
molding of polyesters and the transparency, generation of gels, generation of agglomerates, falling breakage height and 
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falling inpact strength of molded articles (bottles) obtained by the extrusion blow molding were carried out in accord- 
ance with the following methods. 

(1) Content of each structural unit in polyester 

Polyester sample was subjected to methanolysis and constituting structural components are separated by high- 
performance liquid chromatography. The components obtained were each subjected to quantrtative determination by 
spectrochemical analysis in ultraviolet and visible region, refractive index analysis and infrared absorption (IR) spec- 
trometry to give the content of each component. The content values were Identified by H-NMR spectrometry with a sol- 
vent of deuterated trifluoroacetic acid. 

(2) Intrinsic viscosity of polyester 

Determined by measurements on 1/1 by weight mixed solvent of phenol and tetrachloroethane with Ubelohde vis- 
cosimeter (HRK-3. made by Hayashi Seisakusho) at 30°C. 

(3) Melt flow rate (MFR) of prepolymer or polyester 

Measured with Melt Indexer L244 (made by Takara Kogyo KK). Concretely, a cylinder having an inner diameter of 
9 5 mm and a length of 162 mm was filled with chips of a prepolymer or polyester (final product) sample, whrch were 
melted at 270«C (210<»C in Comparative Examples 4. 13, 15. 20, 25. 27 and 29. where the copolyesters were amor- 
phous) . The melt was uniformly loaded with a 2, 1 60-g plunger having a diameter of 9.48 mm and the f tow-out rate (g/1 0 
min) of the prepolymer or polyester extruded through a 2.1 mm-dia. orifice was measured and taken as the melt flow 
rate. 

(4) Melt viscosities (n 1 and ti 2) of polyester 

The melt viscosity at a shear rate of 0.1 rad/sec (ti 1) at a temperature of 270*»C and that at a shear rate of 100 
rad/sec (ti 2) at a temperature of 270°C were dynamically measured with a mechanical spectrometer (RMS-800. made 
by Reometrics Co.). Here the temperature was set at 210°C for the copolyesters obtained in Comparative Examples 4. 
13.15, 20. 25, 27 and 29. since they were amorphous. 

(5) Shark-skin critical shear stress (a ss) and shear stress at a shear rate of 100 /sec (a 100) of polyester 

A tester (GAPILLOGRAPH made by Toyo SeiW Co.) was used and polyester sample was extruded through its cap- 
illary nozzle having a diameter of 2 mm and a length of 10 mm at a temperature of 270'^C into a strand while the shear 
rate was continuously changed. The shear rate at which the surface of the strand became roughened (when the 10^ 
point average surface coarseness exceeded 1 .5 jiRz) was recorded and taken as the shark-skin critical shear stress (a 
ss) (dyne/cm^). The same apparatus was used for determining the shear stress at a shear rate of 100 /sec (a 100) 
(dyne/cm2) ^ere the temperature was set at 21 0°C for the copolyesters obtained In Comparative Examples 4,13,15, 
20, 25. 27 and 29. since they were amorphous. 

(6) Crystallinity (x c) of polyester 

The density (d) at 25°C of polyester was measured. The density (da) of completely amorphous PET (polyethylene 
terephthalate) was set at 1.335 and that (dc) of completely crystalline PET (polyethylene terephthalate) at 1.501. The 
crystallinity (x c) was calculated by the following formula (y) : 

X c (%) = {dc(d - da)/d(dc - da)} x 1 00 (y) 

(7) Glass transition temperature (Tg) and melting point (Tm) of polyester 

Measured in accordance with JIS K7121 by differential scanning calorimeter (DSC) with a thermal analysis system 
(Mettler TA3000. made by Mettler Co.) at a temperature elevation rate of 10**C/min. 

(8) Cold crystallization temperature (Tec) and cold crystallization heat (AHcc) of polyester 

Measured in accordance with JIS K71 21 by differential scanning calorimeter (DSC) with a thermal analysis system 
(Mettler TA3000. made by Mettler Co.). Sample was maintained at a temperature of (melting point + 40°C) for 5 minutes 
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and then subjected to measurement at a temperature decreasing rate of 5^C/min. 

(9) Terminal carboxyl group concentration (CEG) of polyester 

5 Sample (0.2 g) was dissolved in 1 0 ml of benzyl alcohol heated to 21 S'^C. Chloroform ( 1 0 ml) was added to the solu- 

tion and the resulting solution was titrated with sodium hydroxide in benzyl alcohol 

(10) Draw-down tendency of parison on extrusion blow molding 
10 (0 Draw-down time (sec) of parisons 

Sample was extruded through an extrusion blow molding machine (hollow molding machine, Type BM-304 • J2 
made by Place Co.) at an extrusion temperature of 270**C (210**C for the copolyesters obtained in Comparative Exam- 
ples 4, 13, 15, 20, 25. 27 and 29, since they were amorphous) through an annular orifice into cylindrical parisons. The 
15 cylindrical parisons were, while being in a softened state, cut and bottom-formed by pinching with a blow die, and the 
cuts were then blow molded into bottles (designed capacity: 1 ,800 ml, designed weight: 80 g) for soft drinks. The above 
extrusion blow molding machine used here was so designed as to pinch off with the die and blow at a time point where 
the parison drew down by 35 cm. The time required for the 35-cm drawdown was thus measured and taken as the draw- 
down time. 

20 With the extrusion blow molding machine used here, drawdown times within a range of 15 to 25 seconds showed 
good moldability. Drawdown times of less than 15 seconds, meaning severe drawdown, cause the parisons to assume 
a nonuniform shape, and such parisons become, after blowing, defectives with large thickness dispersion, become 
impossible to insert into blow dies and cause clogging at their hollow part. On the other hand, with the drawdown time 
exceeding 25 seconds, the productivity of shaped articles (bottles) decreases and the polyester, having too high a melt 

2S viscosity, cannot be blown uniformly. Further in this case, there tend to occur unbonding at the pinch-off part of bottles, 
generation of weld lines and breakage of the molding machine due to increased torque. 

(11) Difference between the maximum and minimum diameters of parison 

30 Polyester sample was extruded with the above extrusion blow molding machine at a temperature of 270**C (210"C 
for the copolyesters obtained in Comparative Examples 4, 13, 15, 20. 25. 27 and 29. since they were amorphous) into 
a cylindrical parison, and the parison was, when its length reached 35 cm. measured for the maximum diameter (outer 
diameter) and minimum diameter (inner diameter), from which the difference was obtained. 

The annular die of the extrusion nozzle of the above extrusion blow molding machine used here have a diameter 

35 of 3.5 cm. The parison extruded therethrough tends to be attenuated as it goes apart from the die, due to severe draw- 
down as caused by its self-weight. A difference between the maximum and minimum diameters of a parison of not more 
than 1 cm ensures, generally, smooth extrusion blow molding operation. On the other hand, if the difference exceeds 1 
cm, the parison will, after blowing, generate thickness unevenness. thereby producing defectives or, in extreme cases, 
clog and become unblowaWe. 

40 

(ill) Overall evaluation of drawdown property of parison 

Overall evaluation of drawdown property of parison was made in terms of the drawdown time, the difference 
between the maximum and hf^inimum diameters of parison and the productivity of bottles, in accordance with the criteria 
45 shown in Table 1 below. On this occasion, the productivity of txrttles was judged good, from the cost factor, when at least 
120 pieces of kwttles was producible per hour with less than 10 pieces of defectives in 100 pieces. The defective herein 
means that there occurred at least one trouble selected from the group consisting of: 

a) Extruded parison cannot be inserted into blow die due to severe drawdown; 
so b) Parison dogs at its hollow part; 

c) Unbonding at the pinch-off part due to high viscosity; and 

d) Deformation or breakage of bottle due to nonuniform blow. 
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Table 1 



Criteria of overall evaluation of parison drawdown property O (Qoodi): satisfies all of the following conditions 


(a) 


Draw-down time Is in a range of 15 to 25 seconds. 


(b) 


Difference between the maximum and minimum diameters of parison Is not wore than 1. cm. 


(c) 


Production of bottles is at least 120 pieces per hour and defective bottles are in less than 10 
pieces in 100 pieces. 


A (marginal): satisfies any one of tfie following conditions 


(a) 


Draw-down time Is at least 10 seconds and less than 15 seconds, or is more than 25 seconds 
and not more than 60 seconds. 


(b) 


Difference between the maximum and minimum diameters of parison Is more than 1 cm and not 


more than 2 cm. 


(c) 


Production of bottles is at least SO pieces and less than 120 pieces per hour and defective bot- 
tles are in at least 10 pieces and less than 30 pieces In 100 pieces. 


X (bad): satisfies any one of the following conditions 


(a) 


Draw-down time is less than 10 seconds or exceeds 60 seconds. 


(b) 


Difference between the maximum and minimum diameters of parison exceeds 2 cm. 


(c) 


Production of bottles Is less than 60 pieces and defective bottles are in at least 30 pieces in 1 00 
pieces. 



(1 1) Blow moldability on extrusion blow molding 
(i) Averagie wall thickness of bottle 

A bottle obtained by molding was divided from the top down to the bottom into 5 pieces, each of which was then 
divided into 4 pieces at the same pitch in the circumferential direction of bottle. On the total of 20 pieces the wall thick- 
nesses were measured and the average of 20 measurements was calculated. The average wall thickness is desirably 
in a range of 0.3 to 0.7 mm from the viewpoint of appearance, tactility and bottle strength. 

(li) Thickness unevenness of bottle 

Of the wall thicknesses of bottle body part obtained in the above measurement (i). the difference between the max- 
imum and minimum thicknesses was obtained for evaluation. The thickness difference is desirably less than 0.30 mm. 
because othenwise there generate very thin and/or broken parts, so that ttie appearance and/or tactility become poor. 

(iii) Overall evaluation of blow moldability 

Conducted in accordance with the evaluation criteria shown in Tat)le 2 below. 

Table 2 



Overall evaluation criteria for blow moldability 



O (good) 
X(bad) 



Average wall thickness Is In a range of 0.30 to 0.70 mm and thickness unevenness Is less than 0.30 
mm. 

Average wall thickness is less than 0,30 mm or exceeds 0.70 mm. or thickness unevenness is at least 
0.30 mm. 
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(12) Transparency of bottle 

(i) Haze value 

Tho hnHv of bottle was divided from the top. middle down to bottom, into 6 parts, which were then each dividaJ 
transmittance-total hght ref ertarce f "'T^^^ ^a,ue of bottle. With a haze value exceeding 

matter. The haze 4lue is desirably not more than 4. which ensures good transparency. 

(ii) b-value 

ioTe becols ?f poo, awearanc. 1*. b^e te desi™!*, lNin4,n»,«.otoo;o.t»>.. 



(ill) Overall evaluation of bottle transparency 
20 Conducted in accordance with the evaluation criteria shown in Table 3 below. 



Table 3 



25 
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Overall evaluation criteria for transparency of bottle 



O(Qood) 
A (marginal) 
X(bad) 



Haze value is not more than 4 and b-value is not more than 4. 

Haze value exceeds 4 and is not more than 8. or b-value exceeds 4 and is not more than 8. 
Haze value exceeds 8. or b-value exceeds 8. 



(13) Generation of gels on bottle 

A . ^ e.«.ni^ r ut f fom the bodv of bottle and kept in 1 0 ml of hexaf luoroisopropanol at 30»G for 5 hours to dis- 

generation of gels, which was evaluated according to the criteria shown m Table 4 below. 



40 



45 



Table 4 



Evaluation criteria for generation of gels on bottle 



@ (excellent) 
O (good) 
A (marginal) 
X(bad) 



Gel generation is not more than 2.5%. 
Gel generation exceeds 2.5% and is not more than 5%. 
Gel generation exceeds 5% and is not more than 10%. 
Gel generation exceeds 10%. 



(14) Generation of agglomerates on bottle 
« A10cmx10cmsamplewascutfromthecenterof1hebodyofbottle^Thenuntoero^^ 
was visually counted and evaluation was made according to the criteria sho«n .n Table 5 below. 
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Tables 



Criteria for generation of agglomerates on bottle 


@ (excellent) 
O (good) 
A (marginal) 
X(bad) 


No. of agglomerates was not more than 2 pieces/100 cm . 

No. of agglomerates exceeds 2 pieces/100 cm^ and not more than 5 pieces/100 cm^. 
No. of agglomerates exceeds 5 pieces/100 cm^ and not more than 10 pieces/100 cm^. 
No. of agglomerates exceeds 10 pieces/100 cm^. 



(15) Falling Impact strength of tx>ttle 

Ten bottles were completely filled with water and stoppered. At first, a bottle was dropped from the height of 50 cm 
and. if not broken, then from 60 cm. i.e. from 10 cm higher point. The procedure was repeated to obtain the height at 
which the bottle broke. TTie average of heights at which 1 0 bottles broke was taken as the falling breakage height. Eval- 
uation of the falling impact strength was made in accordance with the criteria shown in Table 6 below. 



Tables 



Evaluation aiteria for falling impact strength of txjttle 



© (excellent) 

O (good) 

X(bad) 



The breakage height is at least 120 cm. 

The breakage height is at least 1 00 cm and is le 

The breakage height is less than 100 cm. 



>than 120 cm. 



Example 1 

(1) A slurry was prepared from 100.00 parts by weight of terephthalic acid. 48.73 parts by weight of ethylene glycol. 
4 34 parts by weight of 1 ,4-cycl6hexanedimethanol, 0.1 16 part by weight of trimellltic anhydnde and 0.104 part by 
weight of 2-naphthoic add. To the sluny, 0.020 part by weight of germanium dioxide. 0.01 5 part by weight phos- 
phorus acid. 0.015 part by weight of cobalt acetate and 0.015 part by weight of tetraethyfammonium hydroxide were 
added The resulting slurry was heated, under a pressure (absolute pressure: 2.5 kg/cm-^), to a temperature of 
250-C to conduct esterification to an esterification ratio of 95%. to produce a low-polymerization-degree com- 
pound! The compound thus obtained was. under a reduced pressure of 1 mmHg and at a temperature of 270'C. 
melt polycondensed. to yield a copolyesler prepolymer having an intrinsic viscosity of 0.70 dl/g. The prepolymer. 
was extruded through a nozzle into a strand, which was then cut into cylindrical chips (diameter: 2.5 mm. length: 
about 3.5 mm). The prepolymer had a melt flow rate (MFR) at 270»C of 30 g/10 min. ^ 

(2) The copolyester pr^olymer chips thus obtained were, after being pre-dried at a temperature of 150 C for 5 
hours, subjected to solid phase polymerization under a reduced pressure of 0.1 mmHg at 210°C for 29 hours, to 
yield a high molecular copolyester. ..... u„ 

(3) The copolymer obtained in the above (2) was tested for the content of each structural units by the afore- 
described method. The content of terephthalic acid units, ethylene glycol units. 1 .4-cyclohexanedimethanol units, 
trimellitic acid units, naphthoic acid units or diethylene glycol units was as shown in Table 8 below. 

(4) The copolymer obtained in the above (2) was also tested for the physical properties in accordance with the 
aforedescribed methods, to show, as shown in Table 8 below, an intrinsic viscosity of 1 .12 dl/g. an MFR at 270-C 
of 1 5 g/10 min and melt viscosities at the same temperature and at a shear rate of 0.1 rad/sec(n 1)andatashear 
rate of 1 00 rad/sec [y\ 2) of 1 .29 x 1 0^ poises and 1 .39 x 1 0* poises, respectively, whteh led to a value of (1/3)logio 

^e a)polyester was further tested for the shark-skin critical shear stress (a ss) at 270°C and the shear stress 
(a 100) at a shear rate of 100 /sec. to show 6.7 x 10^ dyne/cm^ and 3.1 x 10^ dyne/cm^, respectively 

The copolyester was further tested tor the crystallinity (x c). glass transition temperature (Tg). melting point 
(Tm). cold crystallization temperature (Tec) and cold crystallization heat (AHcc); to show, as shown in Table 8. 
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below. 31%. 78°C, aas^C, 128°C and 9 J/g, respectively. 

(5) The copolyester was extrusion blow molded through an extrusion blow molding machine (hollow molding 
machine Type BM-304 • J2. made by Placo Co.) into bottles (designed capacity: 1.800 ml. designed weight: 80 g). 
The intermediate product parisons were tested Ibr drawdown property and blow moldability, and the resulting bot- 
tles for transparency, generation of gels, falling breakage height and telling impact strength. In accordance with the 
abowe-described methods, to give the results shown In Table 13 below. 

FyamolBS 2 through 4 

TTiere were used terephthalic acid and ethylene glycol in amounts as shown in Table 8. In addition. 1 ,4-cyclohex- 
anedimethanol. trimellitic anhydride and 2-naphtholc acid or 2.4.6-trimethoxybenzolc acid were used as an alicyclic or 
aliphatic bifunctional compound for the alicyclic or aliphatic bifunctional compound units (a,), a multifunctional com- 
pound for the multi-functional compound units (b,) and a monofuncBonal compound for the monofunctional compound 
units (c) respectively, in amounts as shown in Table 8. With these, esterif Ication and melt polycondensation were con- 
ducted in the same manner as in Example 1, to prepare copolyester prepolymer chips. The series of the copolyester 
prepoiymers obtained were each subjected to solid phase polymerization under the conditions of temperature and time 
as shown in Table 8. to yield copolyesters. . - ^ 

The copolyesters thus obtained were each tested for the content of structural units and properties in the same man- 
ner. The results are shown in Table 8 below. 

The copolyesters obtained in these Examples 2 through 4 were each extrusion blow molded in the same manner 
into bottles The drawdown property and blow moldability of the parisons and the transparency, genwation of gels, fall- 
ing breakage height and falling impact strength of the obtained bottles were determined or evaluated by the above- 
described methods. The results are shown in Table 13 below. 

25 Examples 5 through 8 

TTiere were used terephthalic acid and ethylene glycol in amounts as shown in Table 9. In addition. 1.4.cyclohex- 
anedimethanol. and 1.3-propanedlol or 2-butyl-2-ethyl-1 .3-propanedlol. trimethylolpropane or tnmellitic anhydride and 
stearic acid, 2-naphthoic add, polyethylene glycol monomethyl ether or stearyl alcohol were used as an alicyclic or 
aliphatic bifunctional compound for the alicyclic or aliphatic bifuncfional compound units (a,), a multi-functional com- 
pound for the multi-functional compound units (b,) and a monofunctional compound for the monofunctional compound 
units (c) respectively. In amounts as shown in Table 9. With these, esterification and melt polycondensation were con- 
ducted in the same manner as in Example 1 , to prepare copolyester prepolymer chips. The series of the copolyester 
prepoiymers obtained were each subjected to solid phase polymerization under the conditions of temperature and time 
as shovm In Table 9. to yield copolyesters. The copolyesters thus oblalhed were each tested for the content of structural 
units and properties in the same manner. The results are shown in Table 9 below. 

The copolyesters obtained in these Examples 5 through 8 were each extrusion blow molded in the same manner 
into bottles The drawdown property and blow moldability of the parisons and the transparency, generation of gels, fall- 
ing breakage height and falling impact strength of the obtained bottles were determined or evaluated by the above- 
40 described methods. The results are shown in Table 1 3 below. 

Eyamnles 9 and 10 

There were used terephthalic acid and ethylene glycol in amounts as shown in Table 10. In addition. 1 ,4-cyclohfflc- 
45 anedimethanol, and pentaerythrithol or trimethylolpropane, and m-anisic acid or benzoic add. as an alicydic or aliphatic 
bifundional compound for the alicydic or aliphatic bifunctional compound units (a,), a multi-functional compound for the 
multi-fundional compound units (bi) and a monofunctional compound for the monofunctional compound units (c). 
respectively in amounts as shown in Table 10. With these, esterification and melt polycondensation were conducted in 
the same manner as in Example 1. to prepare copolyester prepolymer chips. The copolyester prepoiymers obtained 
so were each subjected to solid phase polymerization under the conditions of temperature and tme as shown in Table 10. 
to yield copolyesters. The copdyesters thus obtained were each tested for the content of structural units and properties 
in the same manner. The results are shown in Table 1 0 below. 

The copolyesters obtained in these Examples 9 and 1 0 were each extmsion blow molded in the same manner into 
bottles The drawdown property and blow moldability of the parisons and the transparency, generation of gels, falling 
55 breakage height and falling impact strength of the obtained bottles were determined or evaluated by the above- 
described methods. The results are shown in Tatrfe 13 below. 
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fimrmarativB Examolas 1 through 4 

There were used terephthalic acid and ethylene glycol in amounts as shown in Table 1 1 . In addition, 1 .4-cyclohex- 
anedimethanol. and trimellitic anhydride or trimethylolpropane. and 2-naphthoic acid or benzoic acid, as an al.cyclic or 
aliphatic bifunctional compound for the alicyclic or aliphatic bifunctional compound urtits (a,), a multi-functional com- 
pound lor the multi-functional compound units (b,) and a monofunctional compound tor the monofunctional compound 
units (c) respectively, in amounts as shown in Table 1 1 . With these, esterification and melt polycondensation were con- 
ducted in the same manner as in Example 1. to prepare copolyester prepolymer chips. The copolyester prepolymers 
obtained were each subjected to solid phase polymerization under the conditions of temperature and time as shown in 
TaWe 1 1 (in Conparatlve Example 4, where the copolyester prepolymer chips were amorphous, the chips were sub- 
jected to the below-described extrusion blow molding as they were, without undergoing solid phase polymerization), to 
yield copolyesters. The copolyestere thus obtained were each tested for the content of structural units and properties 
in the same manner (in Comparative Exairple 4. the tests were conducted at 210»C for the above reason). The results 

are shown in Table 1 1 below. ^ ^ ■ i^, :„ *u» 

The copolyesters obtained in these Comparative Examples 1 through 4 were each extrusion blow molded in the 
same manner as in Example 1 into bottles (in Comparative Example 4, the extrusion blow molding was conducted at 
210-0 for the above reason). The drawrdown property and blow moldability of the parisons and the transparency, gen- 
eration of gels, falling breakage height and falling impact strength of the obtained bottles were determined or ^aluated 
by the above-described methods. The results are shown in Table 13 below. 

Comparative Example 5 

There were used terephthalic acid and ethylene glycol in amounts as shown in Table 1 2. In addition. 1 .4-cyclohex- 
anedimethanol was used as an alicyclic or aliphatic bifunctional compound tor the alicyclic or aliphatic bifunctional com- 
pound units (ai) in an amount as shown in Table 12. but no multi-functional compound for the multi-functional 
compound units (b,) or monofunctional compound for the monofunctional compound units (c) was used. With these, 
esterHication and melt polycondensation were conducted in the same manner as in Example 1 , to prepare copolyester 
prepolymer chips. The copolyester prepolymer obtained was subjected to solid phase polymerization under the condi- 
tions of temperature and time as shown in Table 12, to yield a copolyester. The copolyester thus obtained was tested 
for the content of structural units and properties In the same manner. The results are shown in Table 12 below. 

The copolyester obtained in this Comparative Example 5 was extrusion blow molded in the same manner as in 
Example 1 into bottles. The drawdown property and blow moldability of the parisons and the transparency, generation 
of gels, falling breakage height and falling impact strength of the obtained bottles were determined or evaluated by the 
£rt)ove-described methods. The results are shown in Table 13 below. . -r wi 

In Tables 8 through 12 that follow, compounds are shown by coding, the content of which are as shown in Table 7 
below. 
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Table? 





Code 


Compound 


5 


TPA 


Terephthalic acid 




EG 


Ethylene glycol 




DEG 


Diethylene glycol 


10 


PD 


1,3-Propanediol 




BEPD 


. 2-Butyt-2-ethyl-propanediol 




CHDM 


1 ,4-Cyclohexane dimethanol 




CHDC 


1 ,4-Cyclohexanedicarboxylic acid 


15 


TMA 


Trimellitic anhydride 




TMP 


Trimethylolpropane 




PENTA 


Pentaerythritol 


20 


NA 


2- Naphthoic acid 




TMOBA 


2, 4.6-Trimethoxybenzoic acid 




STOH 


Stearyl alcohol 




STA 


Stearic acid 


25 


APEG 


Polyethylene glycol monomethyl ether (molecular weight: 1,000) 




BA 


Benzoic acid 




AA 


m-Anisicacid 
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Table 8 





Example i 


Example 2 


Example 3 


Example 4 


Starting mat ' 1 component 

Dlcarboxyllc acid 
componen t 
Type: parts by weight 


TPA: 100.00 


TPA: 100.00 


TPA: 100.00 


TPA: 100.00 


DloI component 
Type: parts by weight 


EG: 48.73 


EC: 48.73 


EG: 48.73 


EG: 4 8.73 


Blfunctional compound 
Typo; parts by weight 


CHDM; 4.34 


CHDM: 4.34 


CHDM: 4.39 


CHDM: 7.15 


Multi-functional rompound 
Type: parts by weight . 


TMA: 0.116 


TMA: 0.347 


TMA : 1 . 1 57 


TMA: 0.347 


Monof unct iona 1 compound. 
Type: parts by weight 


NA : 0 . 104 


NA: 0.622 


NA: 1.037 


rMOBA: 1.9 16 


Prepolymer 
Intrinsic viscosity (dl/g) 


0. 70 


0 . 69 


0.69 


0 .69 


MFR (g/10 mirt) 


30 


29 


25. 


28 


Solid phase 
polymerization 










^ am DA r A ^ 1 1 1" M f* C\ 


2 10 


2 10 


210 


210 


time (hr) 


29 


21 


20 


28 


Copolyes ter 

[structural unit| 

Dicarboxylic acid units 
Type: mole % 


TPA: 49.91 


TPA : 4 9.56 


TPA : 4 9.01 


T trn I * » . 1 i 


Diol units - 
Type: mole %* * 

Type : mole % ' * 


EG: 4 6.37 
DEG: 1.25 


EG :46.37 
DEC : 1.24 


EG: 46.34 
DEG: 1.30 


EG: 4 4.90 
DEG: 1.27 


BiCuctional compound 
units 
Type: mole %' ' 


CHDM : 2 . 38 


CHDM: 2.39 


CHDM: 2.36 


CHDM: 3.83 


Multi-functional 
compound units 
Type : mole %' * 


TMA : 0.05 


TMA : 0.15 


TMA : 0 . 50 


TMA : 0.15 


Monof unct iona 1 
compound units 
Type : mol e % ' * 


NA.: 0.04 


NA : 0.29 


N A • 0.49 




[Physical properties! 

Intrinsic viscosity (dl/g) 


1 . 12 


1 . 20 


1.18 


1.11 


MFR (g/10 min) 


1 . 5 


0 . 7 


1 . 5 


1.8 


1 (poises) 


1,29 >c 10* 


5.68 X 10* 


7.67 X 10* 


2.94 X 10* 


2 (poises) 


1 . 39 X 10* 


2 . 12 X 10^ 


1.95 X 10* 


1.41 X 10* 


(1/3) log,, (q 2/ji 1) 


.0.32 


-0.48 


-0. 53 


-0.44 


a ss (dyne/cm* ) 


6.7 X 10» 


6.4 X 10* 


6.3 X 10* 


7.5 X 10» 


a 100 (dyne/cm») 


3.1 X 10* 


3.5 X 10« 


3.7 X 10* 


2.1 X 10* 


Crystallinity (%) 


31 


33 


34 


25 


Tg rc) 


78 


79 


78 


80 


Tm CO 


238 


238 


237 


227 


Tec rc) 


128 


126 


131 


1 13 


AHcc (J/g) 


9 


8 


1 1 


3 



1) Based on the sum of total constituting units of copolyesters . 
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Table 9 





E)campie 5 


Example 6 


Example 7 


Example 6 


Starting mat'l component 

Dicarboxylic acid 
componen t 
Type: parts by weight 


TPA: 94.00 


TPA: 95.00 


TPA; 100.00 


TPA: 100.00 


Diol component 
Type: parts toy weight 


EG: 4 8.73 


EG: 4 8.73 


EG: 48.73 


EG: 4 8.73 


Bifunctional compound 
Type: parts- by weight 


CHOC : 6.22 


CH DC : 5.12 


PD : 4.29 


BEPD: 5.2o 


Mult i- functional compound 
Type: parts by weight 


TMP: 0.050 


TMA : 0.116 


TMP : 0.162 


TMA: 0.116 


MonoCunct ional compound 
Type; parts by weight 


STA: 0.622 


NA : 0.311 


APEG: 0.602 


STOH: 0.081 


Prepolymer 
Intrinsic viscosity (dl/g) 


0.70 


0.70 


0.70 


0. 70 


MFR (g/10 min) 


3 1 


3 1 


35 


30 


Solid phase 
polymerisation 










temperature (* C) 


210 


210 


2 10 


2 10 


time (hr) 


29 


21 


25 


30 


Copolyester 

[structural unit! 

Dicarboxylic acid units 
Type: mole % 


TPA: 46.82 


TPA : 47 . 33 


TPA: 50.00 


TPA: 49.96 


Type: mole %'* 

Type: mole 


EG: 48.73 
DEG : h 24 


EG :4 a. 78 
DEG : 1.22 


EG: 45.48 
DEG: 1.25 


EG: 46.22 
DEG: 1.27 


Bifuctional compound 
units 
Type: mole %'* 


CHDC: 3.00 


CHDC: 2.47 


PD: 3. 12 


BEPD: 2.49 


Multi-functional 
compound units 
Type: mole 


TMP: 0.03 


TMA; O.OS 


TMP: 0.10 


TMA: 0.04 


Monof unction a 1 
compound units 

'Pvae* mole 


STA: 0. 18 


NA : 0.15 


APEG: 0.05 


STOH: 0.02 




1 .22 


1 .05 


1 . 00 


1 . 22 


MFR (g/10 min) 


0.7 


1 .9 


2 . 2 


0.7 


27 1 (poises) 


1 . 45 X 10* 


1 . 15 X 10* 


1.70 X 10» 


2.24 X 10» 


17 2 (poises) 


2 . 1 5 X 10* 


1 . 18 X 10* 


1 .20 X 10* 


2.22 X 10* 


(1/3) log, , (17 2/17 1) 


-0. 28 


-0.33 


-0.38 


-0.33 


Q S5 (dyne/cm») 


8.0 X 10< 


7.8 X 10« 


5.5 X 10» 


6.2 X 10« 


a 100 (dyne/cm») 


3.4 X 10* 


1 .8 X 10* 


1 .5 X 10* 


3.1 X 10» 


Crystallinity (%) 


26 


31 


29 


27 


Tg rc) 


72 


74 


73 


78 


Tm CC) 


234 


239 


233 


236 


Tec r C) 


120 


123 


130 


1 25 


AHcc (J/g) 


6 


8 


9 


8 



1) Based on the su» of total constituting units of copolyes ters . 



33 



EP 0 774 477 A2 





Table 


10 




Example 9 


Example 10 


Starting mat* I component 






Dicarboxyllc acid 
component 
Type: parts by weight 


TPA: 100.00 


TPA: 100.00 


Diol component 
Type: parts by weight* 


EG: 48.73 


EG: 4 8.73 


Bifunctional compound 
Type? parts by weight 


CHDM : 3.63 


CHDM: 4.34 


Mu i t i — f unc t iona i compound 
Type: parts by weight 


PENTA: 0.379 


TMP: 0.5437 


Monof unctional compound 
Type: parts by weight 


A A : 1 . 557 


8A : 0 • 882 


Prepolyraor 






Intrinsic viscosity (dl/g) 


0.69 


0 . 70 


nr n 10 minj 


32 


28 


soxLO pnase 
polymerization 






temperature (' C) 


210 


2 10 


time (hr) 


18 


24 


Copolyester 






(structural unit) 






Dicarboxyllc acid units 
Type : mole ^ 


TPA: 49.15 


TPA: 49.40 


Diol uni ts 
Type: mole %• > 


EG; 46.57 


EG: 46.06 


Type: mole %• • 


OEG: 1.20 


DEC: 1.24 


BiCuctional compound 
Type : mole %• * 


CHDM: 2.01 


CHDM: 2.36 


Multi-functional 
compound units 
Type ; moi e ' 


PENTA t 0.22 


TMP: 0.32 


Monof unctional 
compound units 
Type ; mole %' * 


AA: 0.85 


BA: 0.60 


(Physical properties] 






Intrinsic viscosity (dl/g) 


1 .08 


1 . 15 


MFR (g/10 min) 


0.8 


1.8 


U 1 (poises) 


3.31 X 10» 


4-51 X 10* 


jf 2 (poises) 


1 .02 X 10* 


1.61 X 10^ 


(1/3) log.. (,7 2/ ft 1) 


-0.50 


-0. 48 


a ss (dyne/cm* ) 


6.5 X 10» 


7.0 X ^0* 


a 100 (dyne/cm») 


1 .8 X 10« 


2.3 X ^o* 


Crystal Unity (%) 


35 


34 


Tg rc) 


78 


78 


Tro (• C) 


238 . 


234 


Tec (• C) 


137 


134 


AHcc (J/g) 


15 


13 



1) Based on the sum of total constituting units of copolyesters . 
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Table 11 





Comp. Ex. 1 


Comp. Ex. 2 


Comp. Ex. 3 


Comp. Ex. 4 


Starting mat'l component: 

Dicarboxylic acid 
component 
Type: parts by weight 


TPA: 100.00 


TPA: 100.00 


TPA: 100.00 


TPA: 100.00 


Dioi component 
Type: parts by weight. 


EG: 48.73 


EG: 48.73 


EG: 48.73 


EC: 48.73 


BiCunctionai compound 
Type: parts by weight 


CHDM; 0.B68 


CHDM: 4.50 


CHDM: 0.868 


CHDM : 3 1.53 


Multi-functional compound 
Type: parts by weight 


TMA: 0.1157 


TMA: 3.36 


TMA : 0. 1 157 


TMP: 0.543 


Monof unctional compound 
TvaA* aartifi bv weioht 


NA: 0 . 1086 


NA: 3.00 


NA : 3 . 1096 


BA: 0.882 


Prepolymer 
Intrinsic viscosity (dl/g) 


0. 70 


0 . 70 


0 .68 


0.70 


MFR (g/10 min) 


30 


28 


39 


24 


Solid phase 
polymerisation 










temperature {* C) 


2 10 


210 


210 




time (hr) 


63 


7 


52 




Co polyester 

(structural unit} 

Dicarboxylic acid units 
Type : mol e % 


TPA: 49,90 


TPA: 47.11 


TPA: 48.45 


TPA: 49.85 


Diol units 
Ty pe : mole %' ' 

Type : mole % ' ' 


EG: 48.29 
DEC: 1.24 


EG: 46.33 
DEC : 1 . 23 


EG: 48.25 
DEC: 1.26 


EG: 46.30 
DEC: 1.22 


eifuctional compound 
units 
Type: mole %'* 


CHDM: 0.47 


CHDM: 2.44 


CHDM: 0.49 


CHDMi 15.13 


Multi-functional 
compound units 
Type: mole 


TMA: 0.05 


TMA: 1.4 5 


TMA: 0.0 5 


TMP: 0.32 


Mon of unctional 
compound units 
Type: mole %'* 


N A ! 0.05 


NA: 1.44 


NA : 1 . 50 


BA: 0.60 


IPhysicai properties! 

Intrinsic viscosity (dl/g) 


1.10 




0.9 1 


0.7" 


MFR (g/ 10 nin) 


1 . 1 


0.5 • 


12.0 


2. 8 


17 1 (poises) 


1 .29 X 10» 


3.26 X 10» 


3.35 X 10« 


2.15 X 10« 


11 2 (poises) 


1.4 1 X 10* 


2.36 X 10* 


1 .36 X 10* 


3.62 X 10* 


(1/3) log,. {7j 2/n 1) 


-0.32 


-0.71 


-0. 19 


-0.26 


c ss (dyne/cm» ) 


3.4 X 10« 


6.2 X 10» 


2.8 X 10« 


1 .5 X 10* 


a 100 (dyne/cm«) 


3 .8 X 10» 


8.7 X 10« 


9.3 X 10* 


4 .8 X 10» 


Crystallintty (*) 


42 


37 


4 1 




Tg rc) 


78 


78 


78 


81 


Tm (• C) 


249 


237 


249 




Tec (• C) 


151 


142 


159 




AHcc (J/g) 


18 


17 


21 





1) Based on the sum of total constituting units of copolyesters . 

2) Could not be tested because of generation of too many geis. 

3) The prepolymer was tested at 210' C. 
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Table \2 







Corcp. Ex. 5 


5 


Starting cnat'l component 






DicarboKylic acid 
component 
Type: pacts by weight 


TPA: 100,00 




Diol component 
Type: parts by weight 


EG : 4 8.73 


10 


Bitunctional compound 
Type: parts by weight 


CHDM: 3.20 




Multi-functional compound 
Type: parts by weight 






Monof unctional compound 
TvBA • Dairts weiaht 


- 


15 


Prepolymer 






Intrinsic viscosity <dl/g) 


0. 70 




MFR (g/10 min) 


34 


20 


Sol id phase 
pol ymeri & a t ion 




temperature (* C) 


210 




time (hr) 


50 




Copolyester 






(structural unit| 




25 


Dicarboxylic acid units 
Type : mole % 


TPA : 50 . 00 




Diol units 
Ty pe : mole \* * 


EG: 4 6.75 




Type : mole * 


D£G: 1.50 


30 


BiCuctlonal compound 
units 
Type: mole 


CHDM! 1.75 




Multi-f unctional 
compound units 
Type: moxe » 




35 


MonoCunctionsl 
compound units 
Type : mole %' ' 






(Physical properties! 






Intrinsic viscosity (dl/g) 


1.11 




MFR (g/10 min) 


5 . 9 


40 


tf 1 (poises) 


3.10 X 10* 




IT 2 (poises) 


8.80 X 10' 




(1/3) log, , (i7 2/i? 1) 


-0 . 18 




a ss (dyne/cm« ) 


6.1 X 10« 




a 100 (dyne/cm«) 


2.3 X 10* 


45 


Crystallinity {%) 


41 




Tg rc) 


76 




Tm (• C) 


242 




Tec CC) 


153 


SO 


AHcc (J/g) 


23 




1) Based on the sum oC total 


constituting 



2) The prepolymer was tested at 210' C 
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The following is understood from Tables 8 through 1 0 and Table 13. 

The copolyesters of Examples 1 through 10. consisting essentially of terephthalic acid units and ethylene glycol 
units and further containing units (ai) from an alicyclic or aliphatic bifunctional compound and units (b^) from a multi- 
functional compound in amounts of 1 to 4 mole % and 0.005 to 1 mole %. respectively, based on the moles of total con- 
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10 



15 



stitirting units of the copolyesters and units (c) from a monofunctional compound in an amount satisfying the above for- 
mula (a) and having an intrinsic viscosity suited for melt molding such as extrusion blow molding, can be produced 
smoothly by solid phase polymerization in a short period of time of less than 30 hours. In any of the Examples, on pro- 
ducing bottles by extrusion blow molding of the obtained copolyester. the drawdown time of extruded pansons is in a 
range of 16 to 24 seconds, the difference between the maximum and minimum diameters of parisons is not more than 
C 5 cm the production of bottles is at least 120 pieces per hour with the defectives being less than 10 pieces per 100 
pieces ' the obtained bottles having an average wall thickness of 0,30 to 0.7 mm and thickness unevenness of less than 
C 3 mm thus proving excellent blow moldability. Furthermore the bottles obtained in Examples 1 through 10 have a 
haze value of not more than 4 and a b-value of less than 2. thus proving excellent transparency and surface neatness. 
The bottles have a gel generation of not more than 2.5% and a falling breakage height of at least 100 cm. thus proving 
to have excellent falling impact strength. 

On the other hand, the results of Tables 1 1 and 13 show that the copolyesters of Comparative Examples 1 through 
3 consisting essentially of terephthalic acid units and ethylene glycol units and containing amounts deviated from the 
ranges specified in the present invention of units (a^) from an alicyclic or aliphatic bifunctlonal compound, units (bi) from 
a multi-functional compound or units (c) from a monofunctional compound had poor drawdown property of parisons. On 
producing bottled by extrusion blow molding of these copolyesters. the obtained bottles had a thickness unevenness of 
at least 0 3 mm thus proving poor blow moldability. Furthermore, the bottles had a haze value of at least 5, thus proving 
poor transparency. The bottles had a falling breakage height of 50 to 70 cm. thus proving to have low quality. The solid 
phase polymerization in Comparative Examples 1 and 3 took as long time as 63 hours and 52 hours, respectvely. which 
20 means that the productivity was very low. . „ 

The results of Tables 11 and 13 show that the copolyester of Comparative Example 4, consisting essentially of 
terephthalic acid units and ethylene glycol units and. although containing units (ai) from an alicyclic or aliphatic Afunc- 
tional compound units (bi) from a multi-functional compound and units (c) from a monofunctional compound, having a 
content of the alicydic or aliphatic bifunctional compound units of more than 4 mole % based on the moles of total con- 
25 stituting units of the copolyester. was amorphous. The degree of polymerization of the copolyester could therefore not 
be increased by solid phase polymerization. The copolyester could not show a high melt viscosity at a temperature of 
270°C so that extrusion blow molding was impossible at this temperature. Extrusion molding was hence conducted at 
a temperature of 210»C. at which molding was narrowly possible. The resulting parisons had poor drawdown property. 
On producing bottles, the obtained bottles had a thickness unevenness of 0.4 mm, thus proving to have poor blow mold- 
ability. Furthermore, the bottles obtained in Comparative Example 4. having been molded at a low temperature, had a 
marked finely roughened surface, thereby showing a haze value of 10.3. which means poor transparency, and having 
poor tactility. The bottles had a falling breakage height of 50 cm. thus proving to have low falling impact strength and 

low quality. . ^ x -x- n * 

The results of Tables 11 and 13 show that the copolyester of Comparative Example 5. consisting essentially of 
terephthalic acid unte and ethylene glycol units and, although containing units (ai) from an alicyclic or aliphatic bifunc- 
tional compound, containing no units (bi) from a multi-functional compound or units (c) from a monofunctional com- 
pound had poor drawdown property of parisons. On producing bottles by extrusion blow molding of the copolyester. the 
obtained bottles had a thickness unevenness of 0.5 mm. thus proving poor blow moldability. Furthermore, the bottles 
had a haze value of 4.1 , thus proving to have a little poor transparency. The bottles had a falling breakage height of 50 
40 cm, thus proving to have low falling impact strength and low quality. The solid phase polymerization in Comparative 
Examples 5 took as long time as 72, which means that the productivity was very low. 

Examples 1 1 a nd 12 and Comparative Examples 6 ^nd 7 

45 There were used terephthalic acid and ethylene glycol in amounts as shown in Table 14. In addition, there were 
used 1 4-cyclohexanedimethanol. trimellitic anhydride and benzoic acid in amount as shown, as an alicydic or aliphatic 
bifunctional compound for the alicyclic or aliphatic bifunctional compound units (ai). an multi-functional compound for 
the multi-functional compound units (bi) and an monofunctional compound for the monofunctional compound units (c). 
respectively With these, esterification and melt polycondensation were conducted in the same manner as in Example 

50 1 to prepare copolyester prepolymer chips. The copolyester prepolymers obtained were subjected to solid phase 
polymerization under the conditions of temperature and time as shown in Table 14. to yield copolyesters. The copoly- 
esters thus obtained were tested for the content of structural units and properties in the same manner. The results are 
shown in Table 14 below. . 

The copolyesters obtained in these Examples 1 1 and 12 and Comparative Examples 6 and 7 were extrusion blow 

55 molded in the same manner as in Example 1 into bottles. The drawdown property and blow moldability of the parisons 
and the transparency, generation of gels, falling breakage height and falling impact strength of the obtained bottles were 
determined or evaluated by the above-described methods. The results are shown in Table 15 below. 

In Tables 14. compounds are shown by coding, the content of which are as shown in the above Table 7. 
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Table M 





Example 11 


Example 12 


Comp. Ex. 6 


Comp. Ex. 7 


Starting rnat'i component 

Oicacboxylic acid 
component 


TPA : 100 . 00 


TPA: 100.00 


TPA: 100.00 


TPA: 100.00 


Diol component 
Type: pares oj w^iym. 


EG : 48.73 


EG: 48.73 


EG: 48.73 


EG: 48.73 


DLLUnCClonsl compoumj 

Type: parts by weight 


CHDM: 4.50 


CHDM: 4.50 


CHDM: 4.50 


CHDM: 4.50 


Multi-functional compound 
Type: parts by weight 


TMA: 0.116 


TMA: 1.272 


TMA : 0.116 


TMA: 1.272 


Monof unctional compound 
Type: parts by weight 


8A; 0.07 4 


BA: 0.662 


BA: 2.940 


BA: 0.0074 


Prepolymer 
Intrinsic viscosity (dl/g) 


0.70 


0.69 


0.60 


0.70 


MFR (g/IO min) 


30 


25 


52 


23 


Solid phase 
polymecitation 










temperature (' C) 


210 


210 


200 


2 10 


time (hr) 


28 


19 


72 


19 


Co po 1 yes to r 

[structural unit| 

Dicarboxylic acid units 
•Type: mole % 


TPA: 49,90 


TPA : 4 y • UD 


TPA : 4 7.95 


TPA: 49.495 


Diol units 
Type • mole * 

lype- mwAw » 


EG: 46.38 
DEG: 1.18 


EG ;46.25 
DEG : .1 . 29 - 



EG: 46.30 
DEG: 1.24 


EG: 46.29 
DEG: 1.26 


Q 4 f 1 mf^i Ana 1 caRiBOLind 

units 
Type: nole 


CKDM : 2.44 


CHDM: 2.4 6 


CHDM: 2.46 


CHDM: 2.45 


Multi-functional 
compound units 


TMA: 0.05 


TMA : 0 . 50 


TMA: 0.05 


TMA: 0.50 


Monof unctional 
compound units 
Type: mole %'* 


8A: 0.05 


8A : 0.45 


BA : 2 . 00 


8A : 0.005 


[Physical properties) 

Intrinsic viscosity (dl/g) 


1 . n 


1.16 


n 71 
w • / * 


-t ) 


MFR (g/10 min) 


1 -6 


1 . 5 




1.0 


n ^ (poises) 


1.25 X 10» 


7.05 X 10» 


1 . 18 X 10' 


1 .20 x 10* 


,7 2 (poises) 


1.37 X 10« 


1.90 X 10« 


9.80 X 10' 


2.85 X 10* 


(1/3) log, 0 (t? 2/77 1) 


-0.32 


-0 . 52 


-0.03 


-0.54 


a ss (dyne/cm* ) 


6.8 X 10* 


6.5 X 10« 


6 . 5 X ^0* 


6.0 x 10« 


a 100 (dyne/cm») 


3.0 X 10» 


3,5 X ^o• 


3.8 X 1Q» 


4.4 X 10« 


Crystallinity (%) 


32 


35 


40 


36 


Tg CC) 


79 


78 


79 


79 


Tm ro 


239 


237 


223 


239 


Tec rc) 


. 130 


132 


172 


141 


AHcc (J/g) 


10 


1 1 


22 

n 1 VBJfctBrs . 


18 



1) Based on the sum of total constituting units of copolyest, 

2) could not be tested because of generation of too many gel 
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The following is understood from Tables 14 and 15. 

The copolyesters of Examples 1 1 and 1 2. consisting essentially of terephthalic acid units and ethylene glycol units 
and further containing units (ai) from an alicyclic or aliphatic bifunctional compound and units (b^) from a multi-func- 
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tional compound in amounts of 1 to 4 mole % and 0.005 to 1 mole %. respectively, based on the moles of total consti- 
tuting units of the copolyesters and units (c) from a monofunctional compound in an amount satisfying the above 
formula (a) can. like those in Examples 1 through 10, be produced smoothly by solid phase polymerization in a short 
period of time of not more than 30 hours to have an intrinsic viscosity suited for melt molding such as extrusion blow 
molding. On producing bottles by extrusion blow molding of the copolyesters in Examples 11 and 12, the drawdown 
time and blow moldability were excellent like in Examples 1 through 10. The obtained bottles had excellent transpar- 
ency and surface neatness, generated very few gels and had a high falling impact strength. 

On the other hand, the copolyester of Comparative Example 6, consisting essentially of terephthallc acid units and 
ethylene glycol units and further containing units (a-j) from an alicyclic or aliphatic bifunctional compound and units (b^) 
from a multi-functional compound in an amount of 1 to 4 mole % and 0.005 to 1 mole % and, although containing units 
(c) from a monofunctional compound, having a content of the monofunctional compound units (c) exceeding the range 
of the formula (a), had a low viscosity, since the degree of polymerization could not be increased to a sufficient level by 
melt polymerization and solid phase polymerization. The copolyester, when subjected to extrusion blow molding, couid 
not form a parisbn. thereby failing to yield molded articles. 

The copolyester of Comparative Example 7. consisting essentially of terephthalic acid units and ethylene glycol 
units and further containing units (ai) from an alicyclic or aliphatic bifunctional compound and units (bi) from a multi- 
functional compound in an amount of 1 to 4 mole % and 0.005 to 1 mole % and. although containing units (c) from a 
monofunctional compound, having a content of the monofunctional compound units (c) of less than the range of the for- 
mula (a), had problems on extrusion blow molding. That is, there occurred severe uneven extrusion and the parison was 
difficult to form. On producing bottles by extrusion blow molding of the copolyester. the obtained bottles had a thickness 
unevenness of at least 0.3 mm, thus proving poor blow moldability. Furthermore, the bottles had a haze value of at least 
5, thus proving to have poor transparency. The bottles had many agglomerates due to gelation and had a falling break- 
age height of 80 cm, thus proving to have low falling impact strength and low quality. 

Example 13 

(1) A slurry was prepared from 1 00.00 parts by weight of terephthalic acid. 48.73 parts by weight of ethylene glycol, 
5.75 parts by weight of 2,2-bis[4-{2-hydroxyethoxy)phenyl]propane. 0.081 part by weight of trimethylolpropane and 
0.01 5 part by weight of benzoic acid. To the slurry. 0.020 part by weight of germanium dioxide. 0.01 5 part by weight 
of phosphorus acid. 0.01 5 part by weight of cobalt acetate and 0.015 part by weight of tetraethylammonium hydrox- 
ide were added. The resulting slurry was heated, under a pressure (absolute pressure: 2.5 kg/cm^). to a tempera- 
ture of 250°C, to conduct esterification to an esterification ratio of 95%, to produce a low-polymerization-degree 
compound. The compound thus obtained was. under a reduced pressure of 1 mmHg arxJ at a temperature of 
270*'C. melt polycondensed, to yield a copolyester prepolymer having an intrinsic viscosity of 0.70 dl/g. The prepol- 
ymer was extruded through a nozzle into a strand, which was then cut into cylindrical chips (diameter: about 2.5 
mm, length: about 3.5 mm). The prepolymer had a melt flow rate (MFR) at 270*»C of 32 g/10 min. 

(2) The copolyester prepolymer chips thus obtained were, after being pre-dried at a temperature of 150"C for 5 
hours, subjected to solid phase polymerization with a tumbling type vacuum solid phase polymerization apparatus 
under a reduced pressure of 0. 1 mmHg at 210*'C for 27 hours, to yield a high molecular copolyester. 

(3) The copolyester obtained in the above (2) was tested for the content of each structural units by the afore- 
described method. The content of terephthalic acid units, ethylene glycol units, 2,2-bisI4-(2-hydroxyethoxy)phe- 
nyl]propane units, trimethylolpropane units, benzoic acid units or diethylene glycol units was as shown in Table 17 
below. 

(4) The copolyester obtained In the above (2) was also tested for the physical properties in accordance with the 
afore-described methods, to show, as shown in Table 17 below, an intrinsic viscosity of 1 .10 dl/g, an MFR at 270*»C 
of 2.0 g/10 min and melt viscosities at the same temperature and at a shear rate of 0.1 rad/sec (ri 1) and at a shear 
rate of 1 00 rad/sec (ti 2) of 1 .36 x 1 0® poises and 1 .40 x 10"* poises, respectively, which led to a value of (1/3)logio 
(ti2/ti 1)of-0,33. 

The copolyester obtained in the above (2) was further tested for the shark-skin critical shear stress (ct ss) and 
shear stress (a 100) at a shear rate of 100 /sec, at a temperature of 270°C, to show 5.0 x 10^ dyne/cm^ and 2.6 x 
1 0^ dyne/cm^, respectively 

The copolyester obtained in the above (2) was further tested for the {% c). Tg, Tm, Tec and AHcc, to show, as 
shown in Table 17 below, 33%, 79''G, 243*»C, 143°C and 15 J/g. respectively 

The copolyester obtained in the above (2) had a terminal carboxyl group concentration (CEG) of 12 ^equiva- 

lent/g. 

(5) The copolyester obtained in the above (2) was extrusion blow molded through an extrusion blow molding 
machine (hollow molding machine Type BM-304 • J2. made by Placo Co.) into bottles (designed capacity: 1 ,800 ml, 
designed weight: 80 g). The intermediate product parisons were tested for drawdown property and blow moldability 
and the resulting bottles for transparency, generation of gels, generation of agglomerates, falling breakage height 
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and falling Impact strength, In accorclance with the above-described methods, to give the results shown In Table 22 
below. 

pyamples 14 through 16 

There were used terephthallc add and ethylene glycol In anwunts as shown in Table 17 below. In addition, 2.2- 
bisK-(2-hydroxyethoxy)phenyl]propane. and trimethylolpropane or trimellitic anhydride, and 2-naphtho(C acid, benzoic 
acid or 2 4 6-trimethoxybenzoic acd were used as a bifunctional compound for the diol units (1) and/or diol units (II) hav- 
ing a benzene ring a multi-functional compound for the muHi-functional compound units (b,) and a monofunctional 
compound for the monofunctional compound units (c), respectively. In amounts as shown In Table 17. With these, ester- 
ification and meltpolycondensatlon were conducted In the same manner as in Example 13, to prepare copolyester pre- 
polymer chips. The series of the copolyester prepolymers obtained were each subjected to solid phase polymerizaton 
under the conditions of temperature and time as shown in Table 1 7. to yield copolyesters. 

The copolyesters thus obtained were each tested for the content of structural units and properties in the same nran- 
ner as in Example 13. The results are shown in Table 17 below. 

The copolyesters obtained in these Examples 1 4 through 1 6 were each extrusion blow molded in the same manner 
into bottles The drawdown property and blow moldabiiity of the parisons and the transparency, generation of gels, gen- 
eration of agglomerates, falling breakage height and falling impact strength of the obtained bottles were determined or 
evaluated by the above-desaibed methods. The results are shown in Table 22 below. 

Examples 1 7 throuoh 20 

There were used terephthallc acid and ethylene glycol In amounts as shown in Table 18. In additfon. bis[4-(2- 
hydroxyethoxy)phenyn sulfone or 1 ,4-bis(2-hydroxyethoxy)benzene, and pentaerythrrtol. trimellitic anhydride or tnmesic 
acid and stearic acid, stearyl alcohol, m-anisic add or benzoic acid were used as a bifunctional compound for the diol 
unit^ (I) and/or diol units (II) having a benzene ring, a multi-functional compound for the multi-functional compound units 
(bi) and a monofunctional compound for the monofunctional compound units (c). respectively, in amounts as shown in 
Table 18 With these, esterification and melt polycondensation were conducted in the same manner as in Example 1 3. 
to prepare copolyester prepolymer chips. The copolyester prepolymers obtained were each subjected to solid phase 
polymerization under the conditions of temperature and time as shown in Table 18. to yield copolyesteiB. The copoly- 
esters thus obtained were each tested for the content of structural units and properties in the same manner. The resulte 
are shown in Table 18 below. ._. ... 

The copolyesters obtained in these Examples 1 7 through 20 were each extrusion blow molded in the same manner 
into bottles The dravwiown property and blow moldabiiity of the parisons and the transparency, generation of gels, gen- 
eration of agglomerates. faHing breakage height and falling impact strength of the obtained bottles were determined or 
evaluated by the above-described methods. The results are shown in Table 22 below. 

Comparative F »«mnles 8 through 1 1 

There were used terephthallc add and ethylene glycol in amounts as shown in Table 19. In addition, neoperrtyl gly- 
col was added or not added, or isophthalic add was added, as a bifunctional compound for bifunctional confipound 
unHs There was further used trimethylolpropane, trimellitic add or pentaerythrlthol in an amount as shown in Table 1 9. 
as a multi-functional compound for the multi-functional compound units (b,). There was further used or not used ben- 
zoic acid or m-anlsic add in an amount as shown, as a monofunctional compound tor the monofunctional compound 
units (c) With these. esterHication and melt polycondensation were conducted in the same manner as in Example 13. 
to prepare copolyester prepolymer chips. The copolyester prepolymers obtained were each subjected to solid phase 
polymerization under the conditions of temperature and time as shown in Table 19. to yield copolyesters. The copoly- 
esters thus obtained were each tested for the content of structural units and properties in the same manner as in Exam- 
ple 13. The results are shown in Table 19 below. ...... ^ 

The copolyesters obtained in these Comparative Examples 8 through 1 1 were each extrusion blow molded in the 
same manner as In Example 1 3 Into bottles. The drawdown property and blow moldabiiity of the parisons and the trans- 
parency, generation of gels, generation of agglomerates, falling breakage height and falling impact strength of the 
obtained bottles were determined or evaluated by the above-described methods. The results are shown in Table 22 
below. 

Comparati ve Examples 12 through 15 

There were used terephthalic acid and ethylene glycol in amounts as shown in Table 20. In addition, no bifunctional 
compound tor the diol units (I) and/or diol units (II) having a benzene ring was used or 2.2-bi8l4-(2-hydroxyethoxy)phe- 
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10 



15 



20 



25 



30 



35 



nvlDropane was used as a bifunctional compound for the did units (I) and/or diol units (H) having a benzene ring. No 
murti-functional compound for the multi-functional compound units (b^) was used or trimethylolpropane was used .n an 
amount as shown in Table 20. as a multi-functional compound for the multi-functional compound un.ts(bi). No mono- 
functional compound for the monofunctional compound units (c) was used or 2-naphthoic acd was used ,n an amount 
^sT monofunctional compound for the monofunctional compound units (c). Wrth these ester.f .cat.on and 
meS poly^ondensation were conducted in the same manner as in Example 13. 

chips The copolyester prepolymers obtained were each subjected to solid phase polymenzation under the condrtions 
of temperature and time as shown in Table 20, to yield copolyesters. Here, in Comparative Examples 13 and ISjjrhere 
Se <;2^lyester Chips were amorphous, soli^ 
the below-mentioned extrusion blow molding as they were. 

The copolyesters thus obtained were each tested for the content of structural units and properties in *e same man- 
ner as in Exarnple 13. Here, as described above, the tests were conducted ataiO'C .n Comparative Examples 13 and 
15 The results are Shown in Table 20 below. • . ♦u^ 

The copolyesters obtained in these Comparative Examples 12through 15 were each extrusion blow molded n the 
same manner as in Example 13 into bottles. Here, as described above, the extrusion blow molding was conducted at 
ai^cTn Comparative E^mples 1 3 and 1 5. The drawdown property and blow moldabH^ 

paren^y genSation of gels generation of agglomerates, falling breakage height and falling impart strength of the 
S2S S^Sere detem,5,ed or evaluated by the above-described methods. The results are shown in Tal^e 22 
below. 

Comparative Examp las lfi throuoh 18 

There were used terephthallc acid and ethylene glycol In amounts as shown in Table 21 below^ln addition 2 2- 
bis[4-(2-hydroxyethoxy)phenylpropane was used as a bifunctional compound for the diol units (I) and^o^^diol units (II) 
S a ton^e rir^ There was further used 

fuTonaicSn^^und for the multi-functional compound units (b,). There was further used or "^"^^^'^^-"f J^^^^^^ 
an amount as shown, as a monofunctional compound for the monofunctional compound units (c). With these, esterrfi- 
cation and melt polycondensation were conducted in the same manner as in Example 13, to prepare copolyester pre- 
Syr^er chips The copolyester prepolymers obtained were each subjected to solid phase polymerization under the 
Sori S^emperatJre and time as shown in Table 21. to yield copolyesters. The ^^'i^^^^'^ ^^^^^^l 
Sch tested for the content of structural units and properties in the same manner as in Example 13. The results are 

"^e^^tSdlAmned in these Comparative Examples 16 through 18 were each extrusion blow molded in the 
same manner as in Example 13 into bottles. The drawdown property and Wow moldability of the parisons and the trans- 
™cy generation of gels, generation of agglomerates, falling breakage height and falling impart strength of the 
S!S wera dSterm^ed or evaluated by the above-described methods. The results are shown in Table 22 
below 

The content of the coding used in Tables 17 through 21 is as shown in Table 16 below. 
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Table 16 





Code 


Compound 


5 


TPA 


Terephthalic acid 




EG 


Ethylene giycol 




DEG 


Diethylene glycol 


10 


EOBPA 


2 ,2- Bis[4-(2 -hydroxyethoxy)ph enyI]propane 




EOBPS 


Bis[4-(2-hydroxyethoxy)phenyI] sulfone 




BHEB 


1 .4-Bjs(2-hydroxyethoxy)ben2ene 




NRG 


Neopentyl glycol 


15 


IRA 


Isophthalic acid 




TMA 


Trimellitic anhydride 




™SA 


Trimesic acid 


20 


ThAP 


Trimethylolpropane 




PENTA 


Pentaerythritol 




BA 


Benzoic acid 




NA 


2-Naphthoic add 


25 


TMOBA 


2,4.6-Trjmethoxybenzoic acid 




STA 


Stearic acid 




STOH 


Stearyl alcohol 


30 


AA 


m-Anisic acid 
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Tablo 17 





Example 13 


Example 14 


Example 15 


Example 16 


Starting mat'l component 

Dicarboxylic acid 
componen t 
Type: parts by weight 




TPA: 100.00 


TPA: 100.00 


TPA: 100.00 


Dlol component 
Type: parts by weight 




EG : 48.73 


EG : 48.73 


EG : 48 . 73 


BiCunctional compound 
Type: parts by weight 


E08PA: 5.75 


EOBPA: 9:52 


E08PA: 13. 37 


EOBPA; 18.98 


Multi-functional compound 
Type: parts by weight 


TMP : 0 . 08 1 


TMP: 0.227 


TMA: 1.157 


TMA: 1.736 


Monof unctlonal compound 
Type: parts by weight 


BA ; 0.015 


NA: 0.260 


BA: 0.765 


PMOBA: 3.832 


Prepolymer 
Intrinsic viscosity (dl/g) 


0. 70 


0.70 


0.68 


0.67 


MFR (9/10 min} 


32- 


29 


28 


26 


Solid phase 
polymerisation 










temperature (* C) 


210 


210 


200 


190 


time (hr) 


27 


28 


29 


27 


Copolyester 

[structural unit] 

Dicarboxylic acid units 
Type : mo le % 


TPA: 49.99 


TPA : 49.90 


TPA : 48.99 


TPA; 47.76 


Diol units 
Typet mole %** 

Type : mole \* * 


EG: 47.21 
DEG: 1.23 


EG : 46 . 16 

DEG : 1.20 


EG: 4 5.36 
DEG: 1.13 


EG: 43.84 
DEG: 1.18 


Bifuctional compound 
uni ts 
Type: mole \* * 


EOBPA: 1.51 


EOBPA: 2.50 


E08PA: 3.51 


EOBPA: 4.98 


Multi-functional compound 
units 

Type 1 mole %' * 


TMP: 0.05 


TMP: 0.14 


TMA: 0.49 


TMA: 0.74 


Monof unctional 
Type: mole %'* 


8A: 0.01 


NA: 0.10 


8A: 0.52 


TMOBA : 1 . SO 


[Physical properties! 

Intrinsic viscosity (dl/g) 


1 . 10 


1 . 17 


1. 19 


1 .03 


MFR (g/10 min) 


2.0 


0.6 


0.5 


0.9 


jf 1 (poises) 


1.36 X 10« 


6.05 X 10» 


8.03 X 10* 


7 . 17 X 10« 


jf 2 (poises) 


1.40 X 10* 


2.15 X 10* 


2.14 X 10* 


1 no w 1 n 4 
1 . U O X 1 U 


(1/3) log,, (tl 2/n 1) 


-0.33 


-0.48 


-0.52 


-0.61 


o as (dyne/cm* ) 


5 .0 X ^Q• 


6.1 X 10» 


7.5 X 10« 


9.2 X ^Q* 


a 100 (dyne/cm*) 


2.6 X 10* 


3.7 X 10* 


3.8 X 10» 


1.7 X 10» 


Crystalllnity (%) 


33 


29 


26 


25 


Tg rC) 


79 


79 


ao 


80 


Tm rC) 


243 


235 


223 


211 


Tec rc) 


143 


137 


130 


1 18 


AHcc (J/g) 


15 


12 


9 


6 


CEG (^equivalent/g) 


12 


9 


11 


13 



1) Based on the sum of total constituting units of copolyesters . 
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Table 18 







Example 17 


Example IB 


Example 19 


Example 20 




Starting nat'l conponenC 










5 


DlcarbOKylic acid 
component 

'Puma* Hv WAinW^ 


TPA : 1 00 . 00 


TPA : 1 00 . 00 


TPA: 100.00 


TPA : 100 . 00 




Did component 
Type r parts by weight 


EC : 48 , 73 


EC: 48.7 3 


EG : 48.73 


EG ; 48.73 


10 


Bifunctional compound 
Type*, parts by weight 


EOBPS: 9.58 


EOBPS: 18 . SO 


BHEB: 5.97 


BHEB: 8.38 




Multi-functional compound 
Type: parts by weight 


IrbNrA: U*U4v 


TMfi • n ^ 7 R 


TMQ A • n Oct 
insnf U.^3J 


1 nA : U . 4 Q 4 




Monof unctional compound 
Type: parts by weight 


STA: 0.035 


STOH: 0.405 


AA: 0.183 


8A: 0.588 


15 


Prepolyroer 












Intrinsic viscosity (dl/g) 


0.70 


0 . 70 


0.70 


0.69 




MFR (g/10 Din) 


30 


29 


31 


30 




Solid phase 
polymerisation 










20 


temperature {* C) 


2 10 


200 


2 10 


200 




time (hr) 


29 


26 


26 


28 




Copolyaster 












[structural unit) 










25 


Dlcarboxylic acid units 
Type ! raole % 


TPAt 49.99 


TPA; 49 . 75 


TPA: 49.80 


TPA: 49.40 




Diol units 
Type : mole % ' ' 


EC: 46.37 


EG :44.66 


EG: 46.33 


EG: 45.26 




TypS' mol© %'' 


DEC: 1.25 


DEC : 1.19 


DEC : 1.17 


DEC: '1.23 


30 


BiCuctional compound 
units 
Type ; mo 1 e % • ' 




EOBPS * 4 OS 


BHEB : 2 . 50 


BHEB : 3.51 




Multi-functional 
compound units 
Type : mole % ' ' 


PENTA: 0.03 


THA : 0.25 


TMSA : 0.10 


TMAt 0.20 


35 


Hono functional 
compound units 
Type : raole %' ' 


STA: 0.0 1 


STOH : 0.10 


AA: 0.10 


BA; 0.40 




[Physical properties) 












Intrinsic viscosity (dl/.g) 


1 . 20 


1.11 


1 .02 


1 .08 




MFR (g/10 min) 


1.4 


1.0 


1.9 


1.5 


40 


71 1 (poises) 


1.37 X 10« 


4.84 X 10> 


1.91 X 10» 


3. 11 X 10» 




9 2 (poises) 


1.72 X 10* 


1.23 X 10^ 


1 . 27 X 10* 


1.17 X 10* 




(1/3) log,, (9 2/ IF 1) 


-0.30 


-0 . 53 


-0.39 


-0 .47 




c ss (dyne/cm*) 


5.5 X 10« 


8.0 K 10» 


5 . 9 X 10» 


7 . 0 X 10* 




a 100 (dyne/cm*) 


3.4 X 10* 


2.1 X ^0* 


2.2 X 10* 


1.9 X 10* 


45 


Crystallinity (%) 


30 


25 


31 


28 




Tg CC) 


80 


82 


79 


78 




Tm (• C) 


237 


224 


235 


. 226 




Tec r C) 


139 


127 


137 


133 


SO 


AHcc (J/g) 


12 


1 1 


15 


13 




CEG (|i«quivalent/g) 


6 


15 


16 


14 



1) Baaed on the sum of total constituting units oC copolyeaters . 
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Table 19 







Comp.Ex. 8 


Comp.Ex. 9 


Comp.Ex. 10 


Comp.Ex. 11 


5 


Starting mat*l component 












Dlcarboxylic acid 












componen t 
Type* parts by weiQht 


TPA: 100.00 


TPA: 100.00 


TPA: 100.00 


TPA: 100.00 




Diol component 


EG: 74.68 


EG: 45.00 


EC: 42.95 


EC: 48.73 


10 


Bitunctlonal compound 
Type: parts by weight 


- 


- 


NPC: 3.13 


I PA: 4.00 




Multi-functional compound 
Type: parts by weight 


TMP: 0.384 


TMA: 0.6 36 


TMP: 0.226 


'ENTA: 0.379 




MonoCunctional compound 
Type: parts by weight 


BA: 2.098 


- 


- 


AA: 1.557 


15 


Prepolymer 












Intrinsic viscosity (dl/g) 


0.68 


0,72 


0. 69 


0.69 




MFR (g/10 mln) 


32 


30 


28 


34 




Solid phase 
polya«r Iration 










20 


temperature (' C) 


9 1 n 


210 


210 


210 




time (hr) 


48 


4 1 


38 


7 




Copo 1 y OS t e r 












(structural unit] 










25 


Dlcarboxylic acid units 
Type: mole % 


TPA: 48 . 60 


TPAf 49.75 


TPA: 50.00 


TPA : 47.15 




Diol units 
Type* loole %'* 


EG: 48.54 


EC : 48.68 


EG : 4 6.39 


EG: 48.53 




1 y ps ; inoxv * 


DEC: 1.25 


DEC t 1.32 


DEC: 1.26 


DEC : 1 . 2S 


30 


BiCuctional compound 
units 
Type : mole %' • 






NPC: 2.22 


IPA: 2.00 




Multi-functional 
compound units 
Type : mole % ' ' 


TMP: 0.21 


TMA: 0.25 


TMP : 0.13 


r bnTA : U . ^ ^ 


35 


MonoCunctional 
compound units 
Type: mole %*' 


8A: 1.40 


- 


• 


AA: 0.85 




(Physical properties) 












Intrinsic viscosity (dl/g) 


1 .28 


1 .05 


1.11 


1 . 14 




MFR (g/10 rain) 


2.4 


2.3 


2. 1 


2 . 8 


40 


n 1 (poises) 


2.11 X 10* 


1.76 X 10» 


1 .03 X 10* 


7 .02 X 10' 




71 2 (poises) 


6 . 63 X 10' 


9 . 73 X 10' 


1.34 X 10^ 


9.44 X 10* 




(1/3) log,, (n 2/ti 1) 


-0.46 


-0. 42 


-0.30 


-0 , 29 




a ss (dyne/cm«) 


2.6 X 10» 


2.2 X 10« 


4.5 X 10* 


1.8 X 10* 




o 100 (dyne/cra«) 


3.7 )c 10« 


3.9 X 10* 


4.7 X 10* 


2.3 X 10* 


45 


Crystalllnity (\) 


49 


47 


36 


41 




Tg rc) 


78 


78 


78 


77 




Tm ("C) 


252 


249 


237 


241 




Tec rc) 


171 


169 


142 


152 


50 


AHcc (J/g) 


31 


28 


16 


21 




CEG (^egui valent/g) 


15 


16 


13 


17 



1) Based on the sum of total constituting units of copo lyestors . 
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Table 20 





Cofflp.Ex. 12 


Comp . Ex . 13 


Comp. Ex. 14 


Comp. Ex. IS 


Starting mat'l component 

Dlcarboxylic acid 
component 
Type: parts by weight 


TPA: 100.00 


TPA: 100.00 


TPA: 100.00 


TPA: 100.00 


Oioi component 
Type: parts by weight 


EG: 48.73 


EG: 48.73 


EG: 48.73 


EG: 48.73 


BiCunctional compound 
Type: parts by weight 




EOBPA: 57 . 14 


EOBPA: l.>8 


EOBPA: 58. 80 


Multi-functional compound 
Type: parts by weight 


- 




TMP: 0.249 


TMP: 0.227 


Honof unctional compound 
Type: parts by weight 








NA ; 0.260 


Prepolymer 
Intrinsic viscosity (dl/g) 


0.68 


0.80 


0.70 


0 .69 


MFR {g/10 min) 




21 


30 


31 


Solid phase 
polymerisation 










temperature (* C) 


210 


- 


210 




tine (hr) 


67 




35 




Copolyester 

(structural unit] 

Dlcarboxylic acid units 
Type: mole % 


TPA: 50,00 


TPA: 50.00 


TPA: 50.00 


TPA: .49.90 


Diol units 
Type : mole \' ' 

Type J mole \ ' ' 


EG: 48.70 
DEC: 1.30 


EG: 33. 64 
DEC: 1.3 5 


EG: 48.30 
DEC: 1.2S 


EG : 33.66 
DEC: 1.18 


Bifuctional compound 
Type: mole %'* 


- 


EOBPA: 15.01 


EOBPA: 0.30 


EOBPA: 15.01 


Multi-functional compound 
units 

Type: mole 






TMP: 0. 15 


TMP I 0.15 


Monof unct ion a 1 
compound units 
Type : nole %> > 








NA : 0.10 


(Physical properties] 
Intrinsic viscosity (dl/g) 


'1.02 


0,80*' 


1.16 


0.69" 


MFR (g/10 min) 


10 . 5 




0 . 4 


2 . 8 




1 , 20 X 10^ 


9.18 X 10" 


6.33 X 10» 


1.27 X 10» 


J, 2 (poises) 


6 . 10 X 10* 


2;01 X 10« 


2.21 X 10* 


3.84 X 10* 


(1/3) log,, (9 2/u n 


-0. 10 


-0. 22 


-0 .49 


-0. 17 


a ss ( dyne/cm*) 


2.2 X 10* 


2.0 X 10* 


2.6 X 10» 


3.2 K 10» 


a 100 (dyne/cm*) 


2.9 X 10* 


5.2 X 10* 


4.4 X 10* 


5 . 2 X 10» 


Crystalllnlty (*) 


54 




4 1 




Tg CO 


78 


79 


79 


80 


Tra CO 


2S3 




249 




Tec (• C) 


168 




157 




AHcc (J/g) . 


23 




25 




CEG (Mequivalent/g) 


21 


33 


16 


37 



1) Based on the sum of total constituting units of copoiyes ters , 

2) The prepolymer was tested at 210" C. 
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Table 21 





Com p. Ex. 16 


Comp.Ex. 17 


Corap.Ex. IB 


Starting mat'l component 
Dicarboxylic acid 

W VliVli la 

Type: parts by -weight 


TPA; 100.00 


TPA: 100.00 


TPA: 100.00 


U&WA WUi p wl « VII w 

Type: parts by weight 


EG; 4 8.73 


EG: 4 8.73 


EG: 48,73 


BiCuncCLonal compound 
Type: parts by weight 


EO B P A : 9 . 80 


n D A • 1 7 "5 

E.U D irn : 1 J . / ^ 




Multi-functional compound 
Type: pacta by weight 


TMA: 1.785 




TMA: 0.231 


Monof unct iona 1 compound 
Typo: pacts by weight 






BA: 4.411 


Prepoiymer 
Intrinsic viscosity (dl/g) 


0.65 


0.70 


0.61 


HFR (g/10 mln] 


27 


34 


5 1 


Solid phase 
polymer i nation 








teaparaCure (* C) 


200 


200 


200 


ti»e (hr) 


1 5 


42 


72 


Copolyas ter 

[structural unit) 

ni<»jichnwl ic »ei.A units 
Type: mole % 


TPA: 49.25 


TPA: 50.00 


TPA: 46.90 


Did units 
Type: mole 

Type: mole 


EG J 46*23 


EG : 45 . 15 

nPR • 1 3S 

UBW • 1 • w 9 


EG: 46 . 2 7 
DEC : 1.22 


Bifuctional compound 
units 
Type: mole \>> 


EOBPA: 2.50 


EOBPA: 3.50 


EOBPA : 2.51 


Multi-functional compound 
units 

Type: mole %'* 


TMA: 0.75 


_ 


TMA : 0.10 


Monof unct ion a I 
compound units 
Type I mole % ' ' 






BA: 3.00 


fphvsipal oroDertiesI 

Intrinsic viscosity (dl/g) 


-« » 


1 .20 


0.81 


mFB (o/IO min) 


0.2 


2 .0 


23 


jf 1 (poises) 


3.26 X 10' 


4.32 X 10< 


9 . 80 X 10' 


11 2 (poises) 


2.09 X 10< 


2 . 18 X 10^ 


6 . 79 X 10' 


(1/3) log,, in 2/n 1) 


-0.73 


-0. 10 


-0 .05 


a ss (dyne/cm*) 


4.0 X 10» 


7.5 X 10« 


6,0 X 10* 


cr too (dyne/cm*) 


4,1 X 10» 


4.3 X 10» 


1 .5 X 10» 


Crystallinity (%) 


32 


27 


24 


Tg rc) 


79 


80 


78 


Tis rq 


231 


229 


220 


Tec CC) 


152 


131 


157 


AHcc (J/g) 


22 


15 


21 • 


CEC (pequivalent/g) 


21 


12 


31 



1) Based on the sum of total constituting units of copo I yes tecs . 



2) Could not.be tested because of generation of many gels. 



49 



EP 0 774 477 A2 



u 

10 

a. 

6 . < 


uvor- 
all 

evalu- 
ation 




)C X X X 1 


X X X X X 1 


Falling i 
strength* 


o . 

o» ■» 

10 

X < 

O L> 

u a> 

3D £ 


30000 000< 


3 o o o 
n in CO If) • 


o o o o o 
m CD m r> in i 


Genera- 
tion of 


agglome- 
rates of 
bottle 




X X X X 1 


O X O X O • 


1 

o 

^ c 
o w 


ration 
of 

bottle 


®®®®®®®o 


® < <J O 


® O ® X ® > 




Over- 
all 

evalu- 
ation 


OOOOOOOO 


X X < X 


r X X X X O 1 


sarenc 
ctle 


1 » 

1 10 3 
-O > 




00 <M CM 
»- CN n CN 


lo n »— 00 
<«r (N ^ <N •- 


Transi 
of boi 


Haze 
va- 
1 ue 


rtCMWCMrtdWCM 


r» in r* in 
r- o in 00 


in m n «> n 
9% 00 9> oo n 




Over- 
all 

evalu- 
ation 


OOOOOOOO 


X X X X 


, X X X X X ) 


ibillty 


Thick- 
ness un- 
evenness 
(mm) 


0.20 
0.15 
0.15 
n m 

0.25 
0.15 
0.20 
0.15 


0.40 
0,35 
0.35 


0.45 

0.3 

0.45 

0.35 

0.50 


Blow mold! 


Average 
wall 
thick- 
ness (mm) 


0 .40 
0.55 
0.60 
0.55 
0.40 
0.55 
0.45 
0.50 


0.35 
0.35 
0.25 
0.30 


0.25 
0.50 
0.30 
0.65 
0.20 




Over- 
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The followina is unclersto(xj from Tables 17, 18 and 22. . _. xi. . i i 

TheSiesters of Examples 13 through 20, consisting essentially of terephthalic acid units and ethylene glyco 
units and further containing diol units (1) and/or diol units (II) having a benzene ring and units (b,) front, a nnult.-funfl.onal 
SSmpJund in amounts of 0 5 to 7 mole % and 0.005 to 1 mole %. respectively, based on the moles of total const.tu .ng 
units^ the oopolyesters. and units (c) from a monofunctional compound in an amount satsfying the above formula (a). 
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can be produced smoothly by solid phase polymerization in a short period of time of not more than 30 hours, to have 
an intrinsic viscosity suited for melt molding such as extrusion blow molding. On producing bottles by extrusion blow 
molding of the copolyesters obtained In Examples 13 through 20. the drawdown time of extruded parisons was in a 
proper range of 16 to 23 seconds, the difference between the maximum and minimum diameters of parisons was not 
more than 0 7 cm, the production of bottles was at least 120 pieces per hour with the defectives being less than 10 
pieces per 100 pieces, which indicates excellent drawdown property of the parisons. The obtained bottles had an aver- 
age wall thickness of 0.30 to 0.7 mm and thickness unevenness of less than 0.3 mm. thus proving to have excellent blow 
moldability Furthermore, the bottles obtained in Examples 13 through 20 had a haze value of not more than 4 and a b- 
value of not more than 4. thus showing excellent transparency. The bottles have a gel generation of not more than 2.5% 
and a rate of generation of agglomerate of not more than 5 pieces^lOO cm^. both being very low. The bottles have a 
falling breakage height of at least 1 00 cm, thus proving to have excellent falling impact strength. 
On the other hand, the following is understood from the results shown In Tables 19 and 22. 
The copolyesters of Comparative Examples 8 and 9. consisting essentially of terephthallc acid units and ethylene 
glycol units and. while containing no diol units (I) and/or units (II) having a benzene ring, further containing only units 
(bi) from a multi-functional compound or only units (b^ from a multi-functional compound and units (c) from a mono- 
functional compound, require a solid phase polymerization time of as long as at least 40 hours and thus have poor pro^ 
ductivity On producing bottles by extrusion blow molding of the copolyesters. the obtained bottles had a thickness 
unevenness of at least 0.30 mm, thus proving to have poor blow moldability. Furthermore, the bottles had a haze value 
of at least 10 thus showing to have poor transparency. The bottles had a gel generation exceeding 5% (Comparative 
Example 9) and a rate of agglomerate generation exceeding 10 pieces/1 00 cm^, thus proving to have poor appearance 
and tactility. The bottles had a falling breakage height of 50 cm. thus proving to have low falling impact strength. 

The copolyester of Comparative Example 10. consisting essentially of terephthallc acid units and ethylene glycol 
units and, containing no diol units (I) and/or units (II) having a benzene ring but. instead, containing bifunctional com- 
pound units from neopentyl glycol, and further containing multi-functional compound units (bi) from tnmethytolpropane 
and no monofunctional compound units (c), required a solid phase polymerization time of as long as more than 30 
hours and thus had poor productivity. On producing bottles by extrusion blow molding of the copolyester, the obtained 
bottles had a thickness unevenness of 0.35 mm. thus proving to have poor blow moldability. Furthermore, the bottles 
obtained had a haze value exceeding 4. thus proving to have poor transparency -me bottles had a gel generation 
exceeding 5% and a rate of generation of agglomerates exceeding 10 pieces/100 cm^. thus showing poor appearance 
and tactility. The bottles had a falling breakage height of 80 cm. thus proving to have low falling impact strength and low 
quality. 

The copolyester of Comparative Example 11, consisting essentially of terephthalic acid units and ethylene glycol 
units and containing no diol units (I) and/or units (II) having a benzene ring but, instead, containing bifunctional com- 
pound units from isophthalic acid, and further containing multi-functional compound units (bi) from pentaerythritol and 
monofunctional compound units (c) from m-anisic acid gave, when extrusion blow molded, bottles having a thickness 
unevenness of 0.45 mm, thus proving to have poor blow moldability. Furthermore, the bottles obtained had a finely and 
markedly roughened surface and a haze value of 8.5. thus proving to have poor transparency and tactility. The bottles 
had a falling breakage height of 50 cm. thus proving to have low falling impact strength and low quality. 

It Is also understood from the results shown in Tables 20 and 22 as follows. 

With the copolyester of Comparative Example 12. produced only from terephthalic acid and ethylene glycol and 
containing none diol units (I) and/or units (II) having a benzene ring, multi-functional compound units (bi) and mono- 
functional compound units (c) (the polyester of Comparative Example 12 further contained diethylene glycol, which is, 
as described above, an undesirable copolymerization units. In an amount of 1 .30 mole %). the resulting panson had a 
drawdown time of 5*seconds, with the difference between the maximum and minimum diameters being at least 3.0 cm. 
thus having markedly poor drawdown property. The extrusion blow molding itself was in fad difficult. Furthermore the 
solid phase polymerization required as long a time period as 67 hours, which indicates the low productivity of the poly- 
ester 

The copolyester of Comparative Examples 1 3 and 1 5. consisting essentially of terephthalic acid units and ethylene 
glycol units and. although containing diol units (1) and/or units (11) having a benzene ring, containing them in an amount 
exceeding 7 mole % based on the moles of total constituting units of the copolyesters, were amorphous. The degree of 
•polymerization of the copolyesters could therefore not be increased by solid phase polymerization. The copolyesters 
could not show a high melt viscosity at a temperature of 270'»C. so that extrusion blow molding was Impossible at this 
temperature Extrusion blow molding was hence conducted at a temperature of 210*'C. at which molding was narrowly 
possible The resulting parisons had poor drawdown property. On producing bottles, the obtained bottles have a thick- 
ness unevenness of 0.45 mm, thus proving to have poor blow moldability. Furthermore, the bottles obtained in Compar- 
ative Examples 13 and 15. having been molded at a low temperature, have a marked finely roughened surface, thereby 
showing a haze value exceeding 8. which means poor transparency, and having poor tactility. The bottles had a falling 
breakage height of 50 cm. thus proving to have low falling impact strength and low quality. 

The copolyester of Comparative Example 14. consisting essentially of terephthalic acid units and ethylene glycol 
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units and. although containing diol units (I) and/or units (II) having a benzene ring and multi-functional compound units 
(bi) containing the former in an amount of less than 0.5 mole % based on the moles of total constituting units of the 
copolyesters. gave poor bottles as below, on extrusion blow molding. That is. the bottles had a thickness unevenness 
of 0.3 mm. thus indicating the poor blow moldability of the copolyester. The bottles had a haze value of at least 8 due 
to too high a rate of crystallization, thus having poor transparency. The bottles had a falling breakage height of 80 cm, 
thus having a low falling impact strength and low quality. 

It is also understood from the results shown in Tables 21 and 22 as follows. 

The copolyester of Comparative Example 16. consisting essentially of terephthalic acid units and ethylene glycol 
units and although containing diol units (I) and/or units (II) having a benzene ring and multi-functional compound units 
(bi) containing no monofunctional compound units (c). and having a content of diol units (I) and/or did units (II) and 
multi-functional compound units (bi). of more than 7 mole % and more than 1 mole %, respectively, based on the moles 
of total constituting units of the copolyester. gave, when extrusion blow molded, bottles having a thickness unevenness 
of 0 35 mm thus proving to have poor blow moldability. The obtained bottles had a finely roughened surface and a haze 
value of at least 8. thus showing poor transparency. The bottles contained very many gels and unmelted agglomerates 
and a falling breakage height of 50 cm, thus having a low falling impact strength and low quality. 

With the copolyester of Comparative Example 17. consisting essentially of terephthalic acid units and ethylene gly- 
col units and. although containing diol units (I) and/or units (II) having a benzene ring, but containing neither multi-func- 
tional compound units (b^) nor monofunctional compound units (c). the resulting parisons have poor drawdown 
property. The copolyester gave, on extrusion blow molding, bottles having an average wall thickness of 0.20 mm and a 
thickness unevenness of 0.50 mm. thus showing poor blow moldability. The obtained bottles had a very thin part at the 
central part of the body, and had a falling breakage height of 50 cm, thus having a low falling impact strength and low 

The copolyester of Comparative Example 18. consisting essentially of terephthalic acid units and ethylene glycol 
units and although containing diol units (I) and/or units (II) having a benzene ring, multi-functional compound units (b^) 
and monofunctional compound units (c). having a content of the monofunctional compound units (c) exceeding the 
range of the above formula (a) could not have its degree of polymerization increased by melt polymerization and solid 
phase polymerization and hence had a low viscosity. As a result, the copolyester, when subjected to extrusion blow 
molding, could not form parisons or give molded articles. 

Example 21 

(1) A slurry was prepared from 1 00.00 parts by weight of terephthalic acid. 48.73 parts by weight of ethylene glycol, 
9 49 parts by weight of 2.2-bis[4-(2-hydroxyethoxy)phenyl]propane and 0.578 part by weight of trimellitic anhydride. 
To the slurry. 0 020 part by weight of germanium dioxide. 0.015 part by weight of phosphorus acid. 0.015 part by 
weight of cobalt acetate and 0.015 part by weight of tetraethylammonium hydroxide were added. The resulting 
slurry was heated, under a pressure (absolute pressure: 2.5 kg/cm^). to a temperature of 250°C. to conduct ester- 
ification to an esterification ratio of 95%. to produce a low-polymerization^egree compound. The compound thus 
obtained was under a reduced pressure of 1 mmHg and at a temperature of 270°C. melt polycondensed. to yield 
a copolyester prepolymer having an intrinsic viscosity of 0.69 dl/g. The prepolymer was extruded through a nozzle 
into a strand, which was then cut into cylindrical chips (diameter: about 2.5 mm. length: about 3.5 mm). The pre- 
polymer had a melt flow rate (MFR) at 270oC of 29 g/1 0 min. . , , ^^.o * . 

(2) The copolyester prepolymer chips thus obtained were, after being pre-dried at a temperature of 150 C for 5 
hours subjected to solid phase polymerization with a tumbling type vacuum solid phase polymerization apparatus 
under a reduced pressure of 0.1 mmHg at 210**C for 20 hours,- to yield a high molecular copolyester. 

(3) The copolyester obtained in the above (2) was tested for the content of each structural units by the aforede- 
scribed method. The content of terephthalic acid units, ethylene glycol units. 2,2-bis[4-(2-hydroxyethoxy)phe- 
nyl]propane units, trimellitic acid units or diethylene glycol units was as shown in Table 24 below. 

(4) The copolyester obtained in the above (2) was also tested for the physical properties accordance to the afore- 
described methods, to show, as shown in Table 24 below, an intrinsic viscosity of 1.18 dl/g. an MFR at 270°C of 0.6 
g/10 min and melt viscosities at the same temperature and at a shear rate of 0. 1 rad/sec (ti 1 ) and at a shear rate 
of 100 rad^ec (t, 2) of 6.79 x 10^ poises and 1.57 x 10* poises, respectively, which led to a value of (1/3)logio(n 
2/n 1) of -0.55. 

The copolyester obtained in the above (2) was further tested for the shark-skin critical shear stress (a ss) and 
shear stress (a 100) at a shear rate of 100 /sec. at a temperature of 270»C, to show 5.9 x 10^ dyne/cm^ and 2.9 x 
10^ dyne/cm^, respectively. ^ ^ ^ * u 

The copolyester obtained in the above (2) was further tested for the % c. Tg. Tm. Tec and AHoc, to show, as 
shown in Table 24 below. 30%, 80»C. 235''C. 138^C and 13 J/g. respectively. 

The copolyester obtained in the above (2) had a terminal carboxyl group concentration (CEG) of 12 ^lequiva- 
lent/g. 
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(5) The copolyester obtained in the above (2) was extrusion blow molded through an extrusion blow molding 
machine (hollow molding machine Type BM-304 • J2, made by Placo Co.) into bottles (designed capacity: 1 ,800 ml. 
designed weight: 80 g). The intermediate product parisons were tested for drawdown property and blow moldability. 
and the resulting bottles for transparency, generation of gels, generation of agglomerates, falling breakage height 
5 and falling impact strength, in accordance with the above-described methods, to give the results shown in Table 27 

below. 

Examples 22 through 24 

10 There were used terephthaiic acid and ethylene glycol in amounts as shown in Table 24 below. In addition, 2.2- 
bis[4-(2-hydroxyethoxy)phenyl]propane or bis[4-(2-hydroxyethoxy)phenyl] sulfone, and trimellitic anhydride or pyromel- 
litic anhydride were used as a bifunctional compound for thediol units (I) and/or diol units (II) having a benzene ring and 
a multi-functional compound for the multi-functional compound units (b2), respectively, in amounts as shown in Table 
24. With these, esterification and melt polycondensation were conducted in the same manner as in Example 21 , to pre- 

15 pare copolyester prepolymer chips. The copolyester prepolymers obtained were each subjected to solid phase polym- 
erization under the conditions of temperature and time as shown in Table 24, to yield copolyesters. 

The copolyesters thus obtained were each tested for the content of structural units and properties in the same man- 
ner as in Example 21 . The results are shown in Table 24 below. 

The copolyesters obtained in these Examples 22 through 24 were each extrusion blow molded in the same manner 

20 into bottles. The drawdown property and blow moldability of the parisons and the transparency, generation of gets, gen- 
eration of agglomerates, falling breakage height and falling impact strength of the obtained bottles were determined or 
evaluated by the above-described methods. The results are shown in Table 27 below. 

Example 25 

25 

There were used terephthaiic acid and ethylene glycol in amounts as shown in Table 25. In addition, 1 .4-bis(2- 
hydroxyethoxy)benzene, and trimellitic anhydride were used as a bifunctional compound for the diol units (I) and/or diol 
units (11) having a benzene ring and a multi-functional compound for the multi-functional compound units (b2), respec- 
tively, in amounts as shown in Table 25. With these, esterification and melt polycondensation were conducted in the 
30 same manner as in Example 21, to prepare copolyester prepolymer chips. The copolyester prepolymer obtained was 
subjected to solid phase polymerization under the conditions of temperature and time as shown in Table 25, to yield a 
copolyester. 

The copolyester thus obtained was tested for the content of structural units and properties in the same manner. The 
results are shown in Table 25 below. 
35 The copolyester obtained in these Examples 25 was extrusion blow molded in the same manner into bottles. The 
drawdown property and blow moldability of the parisons and the transparency, generation of gels, generation of 
agglomerates, falling breakage height and falling impact strength of the obtained bottles were determined or evaluated, 
by the above-described methods. The results are shown in Table 27 below. 

40 Comparative Examples 19 and 20 

There were used terephthaiic acid and ethylene glycol in amounts as shown in Table 25. In addition, 2,2-bis[4-(2- 
hydroxyethoxy)phenyl]propane and trimellitic anhydride were used as a bifunctional compound for the diol units (I) 
and/or diol units (II) having a benzene ring and a multi-functional compound for the multi-functional compound units 
45 (ba). respectively, in amounts as shown in Table 25. With these, esterification and melt polycondensation were con- 
ducted in the same manner as in Example 21 , to prepare copolyester prepolymer chips. The two copolyester prepoly- 
mers obtained were each subjected to solid phase polymerization under the conditions of temperature and time as 
shown in Table 25. to yield copolyesters. 

The copolyesters thus obtained were each tested for the content of structural units and properties in the same man- 
so ner as in Example 21 . The results are shown in Table 25 below. 

The copolyesters obtained in these Comparative Examples 19 and 20 were each extrusion blow molded in the 
same manner as in Example 21 into bottles. The drawdown property and blow moldability of the parisons and the trans- 
parency, generation of gels, generation of agglomerates, falling breakage height and falling impact strength of the 
obtained bottles were determined or evaluated by the above-described methods. The results are shown in Table 27 
55 below. 

Comparative Example 21 

(1) A slurry was prepared from 100.00 parts by weight of dimethyl terephthalate and 80.12 parts by weight of eth- 
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yiene glycol. To the slurry. 0.032 part by weight of manganese acetate was added. The resuHing slurry was heated 
at 190°C for 2 hours and then at 2^0'>C for 2 hours, under a nitrogen stream. Methanol was continuously distilled 
off during the heating and a low-polymerization-degree compound was prepared. There were then added to the 
obtained compound. 26.12 parts by weight of bis[4-{2-hydroxyethoxy)phenyn sulfone. 0.989 part by weight of trim- 
ellitic anhydride, 0.038 part by weight of antimony trioxide. 0.077 part by weight of triphenyl phosphite and 0.031 
part by weight of tetrakis [2.4-di-tertbutylphenyl]4.4'-biphenylene diphosphonite and the reaction temperature was 
elevated to 260»C After 1 hour and 20 minutes, the nitrogen stream was stopped, and meh polymerization was 
effected at a temperature of 275''C under a reduced pressure of 0.4 mmHg. to obtain a copolyester having an intrin- 
sic viscosity of 1.08 dl/g. The copolyester was extruded through a nozzle into a strand, which was then cut into 
cylindrical chips (diameter: about 2.5 mm, length: about 3.5 mm). 

(2) The copolyester obtained in the above (1) was tested for the content of each structural units by the afbre- 
descrlbed method. The content of terephthalic acid units, ethylene glycol units, bis[4-(2-hydroxyethoxy)phenyl] sul- 
fone units, trimellitic acid units or diethylene glycol units was as shown in Table 26 below. 

(3) The copolyester obtained in the above (1) was also tested for the physical properties in accordance with the 
afore-described methods, to show, as shown in Table 26 below, an MFR at 27000 of 0.2 g/10 min and melt viscos- 
ities at the same temperature and at a shear rate of 0.1 radfeec (n 1) and at a shear rate of 100 rad/sec (ti 2) of 
2 76 x 10^ poises and 1.89 x 10"* poises, respectively, which led to a value of (1/3)logio(n 2/n 1) of -0.72. 

The copolyester obtained in the above (1 ) was further tested for the shark-skin critical shear stress (o ss) and 
shear stress (a 100) at a shear rate of 100 /sec. at a temperature of 270»C. to show 3.5 x 10« dyne/cm^ and 3.8 x 
lO^dyne/cm^ respectively. ^ ^ ^ ^ . u 

The copolyester obtained in the above (1) was further tested for the x c. Tg, Tm. Tec and AHcc. to show, as 
shown in Table 26 below, a x c. Tg and Tm of 8%. 86"C and 212''C. respectively, but no detect^e Tec or AHcc. 

The copolyester obtained in the above (1) had a terminal carboxyl group concentration (CEG) of 12 jiequiva- 

(S'rhe copolyester obtained in the above (1) was extrusion blow molded through an extrusion blow molding 
machine (hollow molding machine Type BM-304 • J2. made by Placo Co.) into bottles (designed edacity: 1 800 ml. 
designed weight: 80 g). The intermediate product parisons were tested for drawdown property and blow moldability. 
and the resulting botUes fa transparency, generation of gels, generation of agglomerates, falling breakage height 
and falling impact strength, in accordance with.the above-described methods, to give the results shown in Table 27 
below. 

nnmparative Examples 22 an d 23 

There were used terephthalic add and ethylene glycol in amounts as shown in Table 26 below. In addition. bis[4- 
(2-hydroxyethoxy)phenyl sulfone and trimellitic anhydride were used as a bifunctional compound for the diol units ( ) 
and/or diol units (II) having a benzene ring and a multi-functional compound for multi-functional compound unite (ba) 
respectively in amounts as shown in Table 26. With these, transesterificalion and melt polymerization were conducted 
in the same manner as in Comparative Example 21, to prepare copolyesters. The copolyesters thus obtained were 
each tested for the content of structural unite and properties in the same manner as in Comparative Example 21. The 
results are shown in Table 26 below. ,j ^ • 

The copolyesters obtained in these Comparative Examples 22 and 23 were each extrusion blow molded in the 
same manner as in Comparative Example 21 into bottles. The drawdown property and blow moldability of the parisons 
and the transparency, generation of gels, generatton of agglomerates, falling breakage height and falling impact 
strength of the obtained bottles were determined or evaluated by the above<lescribed methods. The resulte are shown 

in Table 27 below. „„ . 

The content of the coding used in Tables 24 through 26 is as shown in Table 23 below. 
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Table 23 


Code 


Compound 


TPA 


Terephthaiic acid 


DMT 


Dimethyl terephthalate 


EG 


Ethylene glycol 


DEG 


Diethylene glycol 


bvJtJrA 




EOBPS 


Bls[4-(2-hydroxyethoxy)phenyI] sulfone 


6HEB 


1 ,4-Bis(2-hydrQxyethoxy)benzene 


TMA 


Trimellitic anhydride 


PMA 


Pyromellitic anhydride 
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Table 24 





Example 21 


Example 22 


Example 23 


Example 24 


Starting ntat'l coniponent 

Dicarboxylic acid 
component 
Type: parts by weight 


TPA: 100.00 


TPA: 100.00 


TPA: 100.00 


TPA: 100.00 


Diol component 
Type: parts by weight 


EG: 48.73 


EG: 4 8.73 


EG: 48.73 


EG: 48.73 


BiCunctional compound 
Type: parts by weight 


bUtJfft. 7.^7 


tUDr'rt. 13. 




bUB PS : 1 o . 30 


Multi-functional compound 
Type: parts by weight 


TMA: 0.578 


TMA: 0.92 5 


PMA: 0.263 


TMA: 0.695 


Prepolymer 
Intrinsic viscosity (dl/g) 


0.69 






0.68 


MFR (g/10 min) 


29 


28 


31 


29 


Solid phase 
polymer i nation 










temperature (' C) 


210 


200 


210 


200 


uiroe (n r J 


20 


2 1 


22 


24 


Copolyester 

[structural unit) 

Dicarboxylic acid units 
Type: mole % 


TPA : 49,75 


TPA: 49.60 


TPA: 49.90 


TPA: 49.70 


Diol units 
Type* mole %** 

Type: mole %** 


EG : 46 . 30 
DEG : 1.21 


EG ' : 4 4 . 7 4 
DEG 1.25 


EG : 4 6.32 
DEG : 1.18 


EG : 44 . 80 
DEG : 1.20 


Bifuctional compound 
units 
Type; mole %" 


EOBPA : 2.49 


EUorA : 4 . u 1 


KUorS : 2 . 3Q 


bOb rS : 4 . 00 


Multi-functional 
compound units 
Type : mole %' ' 


TMA: 0.25 


TMA: 0.40 


PMA: 0. 10 


PMA: 0.30 


(Physical properties) 

Intrinsic viscosity (dl/g) 


1 . 18 


1 .09 


1 . 14 


1 . 10 


MFR (g/lO min) 


0.6 


0.9 


1 .3 


1 .0 


jf 1 (poises) 


6.79 X 10» 


5 . 54 X 10» 


2.64 X 10» 


4.57 X 10* 


jf 2 (poises) 


1.57 X 10* 


1,38 X 10* 


1.43 X 10.* 


1 . 35 X 10* 


(1/3) log, . („ 2/rt 1) 


-0.55 


-0 . 53 


-0.42 


-0.51 


a ss (dyne/cm») 


5.9 X 10* 


8.1 X 10* 


5.8 X 10» 


7.8 X ^Q* 


a TOO (dyne/cm*) 


2.9 X 10* 


2.4 X 1Q» 


2.7 X 10« 


2.4 X 10» 


Crystallinity (%) 


30 


25 


29 


25 


Tg CO 


80 


80 


81 


82 


Tm CO 


235 


224 


236 


225 


Tec (• C) 


138 


127 


139 


125 


AHcc (J/g) 


13 


9 


1 4 


a 


CEG ((lequivalent/g) 


12 


14 


10 


13 



1) Based on the sum of total constituting units of copolyesters . 
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Table 25 





Example 25 


Comp.Ex. 19 


Comp . Ex . 20 


Starting mat'l component 

Dicarboxylic acid 
component 
Type: parts by weight 


TPA; 100.00 


TPA : 100.00 


TPA: 100.00 


Diol component 
Type: parts by weight 


EG : 48.73 


EG : 48 . 73 


EG : 48 . 73 


Bifunctionai compound 
Type: parts by weight 


BHEB: 8.38 


EOBPA r 1.18 


EOBPA : 58 . 80 


Multi-functional compound 
Type: parts by weight 


TMA ; 0.116 


TMA: 0.348 


TMA: 0,348 


Prepolymer 
Intrinsic viscosity (dl/g) 


0.71 


0 . 69 


0.69 


MFR {g/10 rain) 


32 


32 


28 


Solid phase 
polymerisation 








temperature (' C) 


205 


2 10 


_ 


time (hr) 


27 


38 




Copolyes ter 

[structural unit) 

Dicarboxylic acid units 
Type: mole % 


TPA : 49.95 


TPA: 49.85 


TPA: 49.85 


uioi. uni cs 
Type : mole % ' ' 

Type : mole %■ ^ 


EG: 45.28 
DEG : 1.21 


EG :48.47 
DEG : 1.23 


EG: 33.72 
DEG: 1 . 2£ 


Bifuctional compound 
units 
Type: roole %'* 


BHEB: 3.51 


EOBPA: 0.30 


EOBPA: 15,02 


Multi-functional 
compound units 
Type : mo 1 e % * ' 


TMA: 0.05 


TMA: 0.15 


TMA: 0.15 


[Physical properties) 

Intrinsic viscosity (dl/g) 


1 . 20 


1.15 


0. 69» » 


MFR <g/10 min) 


1 . 5 


0.5 


2,5 


n 1 (poises) 


1 . 55 X 10* 


5.69 X 10* 


1.53 X 10* 


jj 2 (poises} 


1 .87 X 10* 


2.15 X 10' 


4.02 X 10« 


(V3) log. 0 2/ 17 1) 


-0.3 1 


-0.47 


-0. 19 


a ss (dyne/cm*) 


7,1 X 10' 


2.8 X 10» 


2.8 X 10- 


100 (dyne/cro*) 


3.2 X 10* 


4.1 X 10» 


5.5 X 10* 


Crystallinity (%) 


27 


40 




Tg CO 


78 


79 


80 


Tm ro 


230 


249 




Tec rc) 


131 


156 




AHcc (J/g) 


1 1 


24 




CEG <^equivalent/g) 


6 


20 


42 



1) Based on the sum oC total constituting units of copolyes ters . 



2) The prepolymer was tested at 210* C. 
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Table 26 





Comp.Ex. 2 1 


Comp.Ex. 22 


Comp.Ex. 23 


Starting mat'l component 

Dicarboxyllc acid 
component 
Type: parts by weight 


DMT: 100.00 


DMT : 100. 00 


DMT: 100.00 


Diol component 
Type: parts by weight 


EG : 80.12 


EG : 80.12 


EG ; 80 . 1 2 


BiCunctional compound 
Type; parts by weight 


EOBPS : 26 . 12 


EOBPS: 3.48 


EOBPS: 26 . 1 2 


Multi-functional compound 
Type: parts by weight 


TMA: 0.989 


TMA: 0. 198 


TMA: 0.723 


Prepolymer 
Intrinsic viscosity (dl/g) 


1 . 08 


0.80 


0. 89 


MFR (g/10 min) 


0.2 


19 


10 


Solid phase 
polymerisation 








temperature (* C) 








time (hr) 


- 






Copolyester 

(structural unit) 

Dicarboxylic acid units 
Type: mole % 


TPA: 49.50 


TPA: 49.90 


TPA: 49.65 


Diol units 
Type: mole %'* 

Type: mole %" 


?.G: 4 1.23 
DEC: 1.27 


EG i 4 7.66 
DEG : 1.34 


EG • 4 1 . 20 


Bituctional compound 
Type: mole %'* 


EOBPS: 7.50 


EOBPS: 1.00 


EOBPS: 7.50 


Multi-functional compound 
units 

Type : mole %* * 


TMA: O.SO 


TMA : 0.10 


TMA: 0.3 5 


[Physical properties) 

Intrinsic viscosity (dl/g) 


1 . 08 


0 .80 


0. 89 


MFR (g/10 min) 


0.2 


19 


10 


H 1 (poises) 


2.76 X 10' 


2.17 X 10* 


4 . 23 X 10* 


jj 7 (poises) 


1.89 X 10' 


9.03 X 10' 


1 . 19 X 10* 


(1/3) log, . in 2/77 1) 


-0.72 


-0. 13 


-0. 18 


tr ss ( dyne/cm») 


3.5 X 10« 


5.0 X 10» 


4.0 X ^Q• 


a 100 (dyne/cm*) 


3.8 X 10» 


2.8 X 10» 


3,2 X 10* 


Crystallinity (%) 


8 


38 


9 


Tg rc) 


86 


79 


86 


Tm CO 


212 


244 


212 


Tec r C) 




171 




AHcc (J/g) 




32 




CEG (^lequivalent/g) 


32 


34 


37 



1) Based on the sum of total constituting units of copolyej 
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The following is understood from Tables 24. 25 and 27. 

The copolyesters of Examples 21 through 25, consisting essentially of terephthalic acid units and ethylene glycol 
units and further containing diol units (I) and/or diol units (II) having a benzene ring and units {b2) from a multi-functional 
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10 



15 



20 



25 



30 



as 



compound in amounts of 0.5 to 7 mole % and 0.005 to 0.5 mole %, respectively, based on the moles of total constrtutng 
SS2^me cio°yesters, can be produced smoothly by solid phase polymerization in a short period of t.me of not more 
5in S tour^ have an intrinsic viscosity surted for melt molding such as extrus-on blow molding. On P^odua^^Jr 
tiTs by extrusion Wcw molding of the copolyesters obtained in Examples 21 through 25. the drawdown time of extruded 
p^isonTwS in a proper ran^e of 16 to 23 seconds, the difference between the maximum and rninimum diameters of 
S SoJs was not more than 0 3 cm. the production of bottles was at least 120 pieces per hour wrth the defectives being 
SanTo D"2:rs per 100 pieces, thus proving excellent drawdown property. The obtained bottles had an average 
SnessTo 3 to a7 mm and thickness unevenness of less than 0.3 mm. thus showing excellent blow moldabihty 
Fule^rlre the bottles obtained in Examples 21 through 25 had a haze value of not more than 4 and a b-vakie of not 
SSS?hr^ thus Showing to have excellent transparency The bottles had a gel generation °' ~t "T^ J^,^"f„^ 
Te of generation of agglomerates of not more than 5 pieces/100 cm^. both being ve|7 low. The bottles had a falling 
breakage height of at least 100 cm. thus proving to have excellent falling impact strength. 
On the other hand, the following is understood from the results shown in Tables 25 and 27. 
The c^SJyester o Comparative Example 19. consisting essentially of terephthahc acid unrts and ethylene glyco 
un Ja^ aSough containing diol unrts (I) and/or units (II) having a benzene ring and """^ ('^> 
comoound having a content of the diol units (1) and/or unrts (II) having a benzene ring of less than 0.5 mole % b^ed 
rS^mol^ S constituting units of the copolyester gave, on producing bottles by ^rusion blow moving, bott^s 
SvTngT thickness unevenness of 0.3 mm. thus proving to have poor blow moldabihty Furthermore, the bottes had a 
haze value of at least 8 due to too high a rate of crystallization, thus proving to have poor transparency. The bottles had 
a falling breakage height of 80 cm. thus proving to have low falling impact strength and low qualrty. 

The copoVester oi Comparative Example 20. consisting essentially of terephthahc acid unte and ethylene glyco 
units and atthough containing diol unrts (I) and/or units (II) having a benzene ring and unrts (^ from a •yutt'-'un^'onal 
^^mpSun^i 2g a content of the diol units (1) and/or unrts (II) having a benzene ring exceeding 7 njole % bas^or^ 
Sr™"^of total constituting unrts of the copolyester. was amorphous. Thedegree of polymerization of the copolyester 
c^uri^eiie n^Tbe increLed by solid phase polymerization. The copolyester could not shc^ a high mert viscosity 
m a tenSerlre of 270-C. so that extrusion blow molding was impossible at this temperature. Extrusion blow molding 
was heTce conducted at a temperature of 210<>C. at whteh molding was narrowly possible. The resulting pansons had 
poor drawdown property. On Reducing bottles, the obtained bottles have a thickness unevenness of 0.45 mm. thus 
prying to have poor Wow moldabilrty. Furthermore, the bottles obtained in Comparative Example 20 havng been 
a? aTow tVmperature, have a markedly and finely roughened surface, thereby showing a haze value exceeding 
meaTs p<^transparency, and having poor tactilrty. The bottles had a falling breakage height of 50 cm. thus 

proving to have low falling impact strength and low quality. 

The tallowing is understood from the results shown in Tables 26 and 27. ^ , 

The copolymer of Comparative Example 21 . consisting essentially of terephthahc acid unrts ar^J ethylene glyco 
unrts a^ although containing bisl4-(2-hydroxyethoxy)phenyll suifone units and tnmelWic f J^J 
aSor unrts (11) having a benzene ring and muW-functional compound unrts (bs). respectively, containing the bis(4-(^- 
SoSoxlhenyq suifone unrts in an amount exceeding 7 mole % based on the moles of total constituting units of 
KSSr^u d not have its degree of polymerization increased by solid phase polymerization due to the large 
«,nterS4-(2-hydroxyethoxy)phenyO suifone unrts and the low crystallinity. The imrirtsic viscosrty was hence 
SJSedtv conducing mert polycondensation at a high temperature. As a resurt. the b.s[4-(2-hydroxyethoxy)phenyfl 
Sb^ unS thermal degradation severely On producing bottles by extrusion blow moW.ng, the obtained 

towi hTd a hSzS value and b-value both exceeding 8. thus having poor transparency Furthermore, with the copoly^ 
esterowakill in Comparative Example 21 . the melt viscosity behavior had not been controlled adequately, so tha the 
relurtS, parisons had poor drawdown property. The resulting bottles had a thickness unevenness of 0.35 which ind^ 
Ses ie poor blow mSSiabilrty of the copolyester. Besides, the bottles obtained in Jo'W^^^^ 
markedly and finely roughened surface and hence had a haze value exceeding 8 and had poor tachlrty. The bottles had 
a fallino breakage height of 90 cm, thus having a low falling impact strength and low qualrty. 

tS cSSSter of comparative Example 22, consisting essentially of terephthahc acid unrts and ethylene g yco 
unrts and although containing bi8[4-(2-hydroxyethoxy)phenyl] suifone units and trimellrtic acid units as did units 0) 
aJJo?mW?lg a benzene U and multi-functional compound units (b^). respectively, had its intrinsic viscosrty 
fncriseSTd 0 8 dl/g solely by mert polymerization. Then, the copolyester did not show a high melt viscosrty at a tem- 
Srfo f 270°C The copolyester yielded more than 30 poorty molded bottles per 100 pieces which indicates poor 
SJld^n property of the parison. On producing bottles by extruston blow molding, the obtained bottles had an average 
SrSS 0 25 mm and a thid^ess unevenness of 0.40 mm. thus proving to have poor blow moldabHity. The 
55 oSainSbS^ further had a haze value and b-value of both more than 4 due to whttening and thermal degradation of 
SfS-(rhXyeLxy)phenyl] suKone unrts, thus having poor transparency. THe bottles had a falling breakage 
heioht of 80 cm thus having a low falling impact strength and low quality. ^ ... , , , 

'!^e ipS^es^er of Comparative Example 23. consisting essentially of terephthalic acd units ar^i ethylene g yco 
unrts a^ arthough containing bis[4-(2.hydroxyethoxy)phenyO suifone units and trimellrtic acd units as diol units (1) 
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and/or units (II) having a benzene ring and multi-functional compound units (bg). respectively, containing the bis[4.(2- 
hydroxyethQxy)phenyl] sulfone units in an amount exceeding 7 mole % based on the moles of total constituting units of 
the copotyesters. could not have its degree of polymerization increased by solid phase polymerization due to the large 
content of bis[4-(2-hydroxyethoxy)phenyl] sulfone units and the low crystallinity. The intrinsic viscosity was hence 
increased by conducting melt polycondensatlon at a high temperature. As a result, the bis[4-(2-hydroxyethoxy)phenyl] 
sulfone units undenwent thermal degradation severely. On producing bottles by extrusion blow molding, the obtained 
bottles had a haze value and b-value of exceeding 4 and 8, respectively, thus having poor transparency. The copotyes- 
ter of Comparative Example 23, having a low intrinsic viscosity of less than 1 .0 dl/g. did not have a sufficient melt vis- 
cosity so that the resulting parisons had poor drawdown property. On producing bottles; the obtained bottles have an 
average wall thickness and thickness unevenness of 0.25 mm and 0.35 mm. respectively, thus proving to have poor 
blow moldability. The bottles had a falling breakage height of 80 cm. thus proving to have low falling impact strength and 
low quality. 



Example 26 

15 

(1) A slurry was prepared from 1 00.00 parts by weight of terephthalic acid. 48.73 parts by weight of ethylene glycol, 
5.71 parts by weight of 2.2-bls[4-(2-hydroxyethoxy)phenyl]propane and 0.081 part by weight of trimethylol propane. 
To the slurry, 0.020 part by weight of germanium dioxide. 0.01 5 part by weight of phosphorus acid. 0.01 5 part by 
weight of cobalt acetate and 0.015 part by weight of tetraethylammonium hydroxide were added. The resulting 

20 slurry was heated, under a pressure (absolute pressure: 2.5 kg/cm^), to a temperature of 250°C, to conduct ester- 
ification to an esterif ication ratio of 95%. to produce a low-polymerizationndegree compound. The compound thus 
obtained was, under a reduced pressure of 1 mmHg and at a temperature of 270»C, melt polycondensed. to yield 
a copotyester prepolymer having an intrinsic viscosity of 0.72 dl/g. The prepolymer was extruded through a nozzle 
into a strand, which was then cut into cylindrical chips (diameter: about 2.5 mm. length: about 3.5 mm). The pre- 
ss polymer had a melt flow rate (MFR) at 270''C of 31 g/1 0 min. 

(2) The copdyesler prepolymer chips thus obtained were, after being pre-dried at a temperature of 150*»C for 5 
hours, subjected to solid phase polymerization with a tumbling type vacuum solid phase polymerization apparatus 
under a reduced pressure of 0.1 mmHg at 210«C for 24 hours, to yield a high molecular copolyester. 

(3) The copolyester obtained in the above (2) was tested for the content of each structural units by the afore- 
30 described method. The content of terephthalic acid units, ethylene glycol units. 2.2-bis[4-(2-hydrc»cyethpxy)phe- 

nyljpropane units, trimethylolpropane units or diethylene glycol units was as shown in Table 29 below. 

(4) The copolyester obtained in the above (2) was also tested for the physical properties accordance to the afore- 
described methods, to show as shown in Table 29 an intrinsic viscosity of 1.15 dl/g. an MFR at 270°C of 1 .3 g/10 
min and meft viscosities at the same temperature and at a shear rate of 0. 1 rad/sec {y\ 1 ) and at a shear rate of 1 00 

35 rad/sec (ti 2) of 2.03 x 10^ poises and 1.68 x 10^* poises respectively, which led to a value of (1/3)logio(Ti 2/n 1) of 
-0.36. 

The copolyester obtained in the above (2) was further tested for the shark-sWn critical shear stress (a ss) and 
shear stress (a 1 00) at a shear rate of 1 00 /sec at a temperature of 270*»C. to show 4.5 x 1 0^ dyne/cm^ and 3.0 x 
. 10^ dyne/cm^, respectively 

40 The copolyester obtained in the above (2) was further tested for the % c. Tg. Tm, Tec and AHcc. to show, as 

shown in Table 29 below. 31%. 79»C. 243«C. 144*'C and 17 J/g, respectively. 

The copolyester obtained in the above (2) had a terminal carboxyl group concentration (CEG) of 11 jiequiva- 
lent/g. 

(5) The copolyester obtained in the above (2) was extrusion blow molded through an extrusion blow molding 
45 machine (hollow molding machine Type BM-304 • J2. made by Place Co.) into bottles (designed capacity: 1 .800 ml, 

designed weight: 80 g). The intermediate product parisons were tested for drawdown property and blow moldability. 
and the resulting bottles for transparency, generation of gels, generation of agglomerates, falling breakage height 
and falling impact strength, in accordance with the above-described methods, to give the results shown in Table 32 
below. 



so. 



Examples 27 through 29 



There were used terephthalic acid and ethylene glycol in amounts as shoiwn in Table 29 below. In addition, 2,2- 
bis[4>(2-hydroxyethoxy)phenyl]propane or bis[4-(2-hydroxyethoxy)phenyl] sulfone. and trimethylolpropane or pentaer- 
55 ythritol were used as a bifunctional compound for the diol units (I) and/or diol units (II) having a benzene ring and a 
multi-functional compound for the multi-functional compound units {b^). respectively, in amounts as shown in Table 29. 
With these, esterification and melt polycondensation were conducted in the same manner as in Example 26. to prepare 
copolyester prepolymer chips. The copolyester prepolymers obtained were each subjected to solid phase polymeriza- 
tion under the conditions of temperature and time as shown in Table 29. to yield copolyesters. 
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The copolyesters thus obtained were each tested for the content of structural units and properties in the same man- 
ner as in Example 26. The results are shown in Table 29 below. 

The copolyesters obtained in these Examples 27 through 29 were each extrusion blow molded in the same manner 
into bottles. The drawdown property and blow moldability of the parisons and the transparency, generation of gels, gen- 
eration of agglomerates, falling breakage height and falling impact strength of the obtained bottles were determined or 
e\^aluated by the above-described methods. The results are shown in Table 32 below. 

Examples 30 and 31 

There were used terephthaiic acid and ethylene glycol in amounts as shown in Table 30. In addition. bis[4-(2- 
hydroxyethoxy)phenyl] sulfone or 1,4-bis(2-hydroxyethoxy) benzene, and trimethylolpropane were used as a bifunc- 
tional compound for the diol units (I) and/or diol units (II) having a benzene ring and a multi-functional compound for the 
multi-functional compound units (ba), respectively, in amounts as shown in Table 30. With these, esterification and melt 
polycondensation were conducted in the same manner as in Example 26, to prepare copolyester prepolymer chips. The 
copolyester prepolymerc obtained were subjected to solid phase polymerization under the conditions of temperature 
and time as shown in Table 30, to yield copolyesters. 

The copolyesters thus obtained were tested for the content of structural units and properties in the same manner. 
The results are shown in Table 30 below. 

The copolyesters obtained in these Examples 30 and 31 were extrusion blow molded in the same manner into bot- 
tles. The drawdown property and blow moldability of the parisons and the transparency, generation of gels, generation 
of agglomerates, falling breakage height and falling impact strength of the obtained battles were determined or evalu- 
ated by the above-described methods. The results are shown in Table 32 below. 

Comparative Examples 24 and 25 

There were used terephthaiic acid and ethylene glycol in amounts as shown in Table 31 . In addition, 2,2-bis[4-(2- 
hydroxyethoxy)phenyl]propane and trimethylolpropane were used as a bifunctional compound for the diol units (I) 
and/or diol units (II) having a benzene ring and a multi-functional compound for the multi-functional compound units 
(ba). respectively, in amounts as shown in Table 31. With these, esterification and melt polycondensation were con- 
ducted in the same manner as in Example 26, to prepare copolyester prepolymer chips. The copolyester prepolymers 
obtained were subjected to solid phase polymerization under the conditions of temperature and time as shown in Table 
31 . to yield copolyesters (in Comparative Example 25. where the copolyester prepolymer chips were found to be amor- 
phous, they were subjected to the below-described extrusion blow molding as they are, without being subjected to the 
solid phase polymerization). 

The copolyesters thus obtained were each tested for the content of structural units and properties in the same man- 
ner as in Example 26 (in Comparative Example 25. the determinations were made at 210°C for the above reason). The 
results are shown in Table 31 below. 

The copolyesters obtained in these Comparative Examples 24 and 25 were each extrusion blow molded in the 
same manner as in Example 26 into bottles (in Comparative Example 25, the extrusion blow molding was conducted at 
210**C for the above reason). The drawdown property and blow moldability of the parisons and the transparency, gen- 
eration of gels, generation of agglomerates, falling breakage height and falling impact strength of the obtained bottles 
were determined or evaluated by the above-described methods. The results are shown in Table 32 below. 

Comparative Example 26 

(1) A slurry was prepared from 1 00.00 parts by weight of dimethyl terephthalate. 79.90 parts by weight of ethylene 
glycol. 8.144 parts by weight of 2,2-bis[4-(2-hydroxyethoxy)phenyl]propane and 0.035 part by weight of pentaeryth- 
ritol. To the slurry, 0.010 part by weight of zinc dust was added. The resulting slurry was heated at 190°C for 2 
hours, at 210*'C for 2 hours and then at 240°C for 2 hours, under a nitrogen stream. Methanol was continuously 
distilled off during the heating and a low-polymerization-degree compound was prepared. There were then added 
to the obtained compound 0.038 part by weight of antimony trioxide. 0.077 part by weight of triphenyl phosphite and 
0.031 part by weight of tetrakis[2,4-di-tert-butylphenyl]4,4'-biphenylene diphosphonite. and the reaction tempera- 
ture was elevated to 260"C. After 1 hour and 20 minutes, the nitrogen stream was stopped, and melt polymerization 
was effected at a temperature of 270°C under a reduced pressure of 0.4 mmHg. to obtain a copolyester having an 
intrinsic viscosity of 0.70 dl/g. The copolyester was extruded through a nozzle into a strand, which was then cut into 
cylindrical chips (diameter: about 2.5 mm, length: about 3.5 mm). 

(2) The copolyester obtained in the above (1) was tested for the content of each structural units by the afore- 
described method. The content of terephthaiic acid units, ethylene glycol units, 2.2-bis[4-(2-hydroxyethoxy)phe- 
nyljpropane units, pentaerythritol units or diethylene glycol units was as shown in Table 31 below. 



62 



EP 0 774 477 A2 



(3) The copolyester obtained in the above (1) was also tested for the physical properties in accordance with the 
afore-described methods, to show, as shown in Table 31 below, an MFR at 270°C of 34 g/10 min and melt viscos- 
ities at the same temperature and at a shear rate of 0.1 rad/sec (t| 1) and at a shear rate of 100 rad/sec (t| 2) of 
5.62 X 10^ poises and 3.17 x 10^ poises, respectively, which led to a value of (1/3)log-fo{Ti 2/t| 1) of -0.08. 

The copolyester obtained in the above (1) was further tested for the shark-skin critical shear stress (a ss) and 
shear stress (a 100) at a shear rate of 100 /sec. at a temperature of 270°C. to show 5,5 x 10^ dyne/cm^ and 1 .5 x 
10^ dyne/cm^, respectively. 

The copolyester obtained in the above (1) was further tested for the % c. Tg. Tm. Tec and AHcc» to show, as 
shown in Table 31 below. 28%. 79°C, 234*'C, 152*C and 21 J/g. respectively. 

The copolyester obtained in the above (1) had a terminal carboxyl group concentration (CEG) of 33 nequiva- 
lent/g. 

(5) The copolyester obtained in the above (1) was extrusion blow molded through an extrusion blow molding 
machine (hollow molding machine Type BM-304 • J2. made by Placo Co.) into bottles (designed capacity: 1 ,800 ml, 
designed weight: 80 g). The intermediate product parisons were tested for drawdown property and blow moldability, 
and the resulting bottles for transparency, generation of gels, generation of agglomerates, falling breakage height 
and falling impact strength, in accordance with the above-described methods, to give the results shown in Table 32 
below. 

The content of the coding used In Tables 29 through 31 is as shown in Table 28 below. 



Table 28 



Code 


Compound 


TPA 


Terephthalic acid 


DMT 


Dimethyl terephthalate 


EG 


Ethylene glycol 


DEG 


Diethylene glycol 


EOBPA 


2.2-Bis[4-(2-hydroxyethoxy)phenyl]propane 


EOBPS 


Bis[4-(2-hydroxyethoxy)phenyI] suHbne 


BHEB 


1 ,4-Bis(2-hydroxyethoxy)benzene 


TMP 


Trimethylolpropane 


PENTA 


Pentaerythritol 
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Table 29 



Example 26 


Example 27 


Exanple 28 


Example 29 


SterClnQ laat'l component 

Dicarboxylic acid 
component 
Type: parts by weight 


TPA: 100.00 


TPA: 100.00 


TPA: 100.00 


TPA: 100.00 


Diol component 
Type: parts by weight 


EG : 48 . 73 


EG: 48.7 3 


EG: 48.7 3 


EG: 48.73 


BiCunctional compound 
Type: parts by weight 


EOBPA : 5.71 


EOBPA: 9.49 


EOBPA : 15 .28 


EOBPS : 10. 23 


Multi-functional compound 
Type: parts by weight 


TMP: 0.081 


TMP: 0.405 


TMP: 0.567 


PENTA: 0.173 


Prepolymer 
intrinsic viscosity (dl/g) 


0.72 


0 .70 


0.68 


0. 70 


MFR (g/10 min) 


3 1 


26 


25 


33 


Solid phase 
polymer i tat ion 










temperature (* C) 


210 


210 


200 


210 


time (hr) 


24 


1 8 


20 


20 


Copolyester 

(structural unit| 

Dicarboxylic acid units 
Type: mole % 


TPA • 00 


TPA: 50.00 


TPA: 50.00 


TPA: 50.00 


Diol units 
Type: mole 

Type: mole 


EG : 4 7.19 
DEG; 1.26 


EG: 46.02 
DEG; 1.23 


EG: 44.42 
DEG: 1.22 


EG: 46.20 
DEG: 1.20 


Bifuctional compound 
units 
Type: mole %* * 


EOBPA: 1.50 


EOBPA: 2.50 


EOBPA: 4.01 


EOBPS: 2.50 


Multi-functional 
compound units 
7ype : nioxe « 


TMP: 0.05 


TMP: 0.25 


TMP: 0.35 


PENTA: 0.10 


IPhysicai, propot ui.o»i 

Tr^^rinstC VlSCOSitV (dl/g) 


1.15 


1 . 20 


1 . 12 


1 . 15 




1 . 3 


0.6 


0.8 


1.3 




2.03 X 10» 


7 .53 X 10* 


6.11 X 10» 


3.03 X 10» 


tf 2 (poises) 


1 . 6B X 10* 


1 .62 X 10* 


1 . 42 X 10* 


1.47 X 10* 


(1/3) log,, (i7 2/n 1) 


-0,36 


-0.56 


-0. 54 


-0.44 


a ss (dyne/cm» ) 


4,5 X 10» 


5.8 X 10» 


8.0 X 10* 


5.8 X 10* 


a 100 (dyne/cm») 


3.0 X 10« 


3 .0 X 10» 


2.6 X 10* 


2.9 X 10* 


Crystallinity (%) 


31 


30 


25 


29 


Tg rc) 


79 


80 


80 


81 


Tra rC) 


243 


235 


224 


236 


Tec (• C) 


144 


139 


129 


139 


AHcc (J/g) 


17 


14 


10 


15 


CEC (pequlvalent/g) 


11 




14 


1 1 


1) based on the sum of total constituting units of copolyesters . 
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Table 30 





Example 30 


Example 31 


Starting mat'l component 

Dlcarboxylic acid 
component 
Type: parts by weight 


TPA: 100.00 


TPA: 100.00 


Oiol component 
Type: parts by weight 


EG : 4 8.73 


EGs 48.73 


Bifunctional compound 
Type: parts by weight 


EOBPS : 16 . 30 


BHEB: 8.38 


Multi-functional compound 
Type: parts by weight 


TMP: 0.4B5 


TMP: 0.081 


Prepolymer 
Intrinsic viscosity (dX/g) 


0.69 


0.71 


MFR (g/10 rain) 


27 


32 


Solid phase 
polymer iration 






temperature (' C) 


200 


205 


time (hr) 


20 


25 


Copolyester 

Dicarboxylic acid units 
Type; mole % 


TPA: 50,00 


TPA: 50.00 


Diol units 
Type : mole * 

Type 1 mole * 


EG : 44.48 
DEC: 1 • 22 


EG: 4 5.26 
DEG : 1.19 


Biluctional compound 
units 
Type: mole %** 


EUd era : H . UU 


BHEB < 3 . SO 


Multi-functional compound 
uni ts 

Type : mole %' * 


TMP: 0.30 


TMP: 0.05 


IPhysical propertiesl 

Intrinsic viscosity (dl/g) 


1 .09 


1 .22 


MFR (g/10 min) 


1.0 


1.3 


]| 1 (poises) 


5.14 X 10» 


1 . 73 X 10» 


1, 2 (poises) 


1 . 39 X 10* 


1 .93 X 10* 


(1/3) log, . (u 2/17 1) 


-0.52 


-0.32 


a ss (dyne/cra») 


7 . 6 X 10» 


7.0 X 10* 


a 100 (dyne/cm' ) 


2.5 X 10* 


3.5 X 10* 


Crystalllnity (%) 


25 


27 


Tg rc) 


82 


78 


Tm rc) 


225 


230 


Tec (• C) 


128 


132 


AHcc (J/g) 


10 


13 


CEG (pequivalent/g) 


12 


9 



Based on the sum ot total 
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Table 31 



Corop.EK. 24 I Cotnp.Ex. 25 Cowp.Ex 



26 



Starting mafl component 

Olcarboxylic acid 
component 
Type; parts by weight 



TPA: 100.00 



TPAt 100.00 



DMT: 100.00 



Dlol component 
Type: parts by weight 



EG: 48.73 



EG: 4B.73 



EG: 79.90 



BlCunctional compound 
Type: parts by weight 



EOBPA: 9.80 



EOBPA: 56. BO EOBPA: 6.144 



Multi-f unctionai compound 
Type: parts by weight 



TMP : 1.245 



TMP: 0.24 9 



PENTA: 0.035 



Prepolymer 
Intrinsic viscosity (dl/g) 



0.65 



MFR (9/ 10 min) 



0 .68 



28 



0.70 



34 



Solid phase 
polymerisation 



temperature (' C) 



200 



time (hr) 



13 



Copolyester 

(structural unit] 

Dicarboxylic acid units 
Type; mole % 



TPA: 50.00 



TPA: 50.00 



TPA: 50.00 



Diol units 
Type: mole \* 

Type: mole %' 



EG: 4 5.49 
DEG: 1.26 



EG: 33.59 
DEG : 1.25 



EG: 46.185 
DEG: 1.29 



Blfuctional compound 
units 
Type ; mole %' • 



EOBPA: 2.50 



EOBPA: 15.01 



EOBPA: 2.50 



Multi-functional 
compound units 
Type: mole %' * 



TMP: 0,75 



TMP : 0.15 



{Physical properties) 
Intrinsic viscosity (dl/g) 



0.68" 



MFR (9/ 10 mm) 



0.2 



2 . 3 



rj 1 (poises) 



3.62 X 10' 



1.65 X 10» 



jj 2 (poises) 



2 . 15 X 10" 



4.32 X 10^ 



PENTA: 0.02 5 



0. 70 



34 



5.62 X 10=* 



3, 17 X 10> 



(1/3) log, . (i7 2/i? 1) 



a ss (dyne/cm' ) 



-0 . 74 



-0.19 



-0.06 



3.7 X 10» 



2.5 X ^Q• 



5.5 X 10" 



a 100 (dyne/cm» ) 



4.2 X 10« 



5.4 X 10» 



1.5 X 10« 



Crystallinlty (%) 



31 



28 



Tg rc) 



79 



80 



79 



Tm CC) 



23 1 



234 



Tec r C) 



154 



152 



AHcc (J/g) 



26 



21 



CEC (nequivalont/g) 



22 



40 



33 



1) Based on the sum of total constituting 

2) The prepolymer was tested at 210' C 

3) Could not be tested because off generat 



units of copolyesters . 



ion of many gels. 
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impact 


Over- 
all 

evalu- 
ation 


o <d O ® © ® 


XXX 


Falling : 
strength' 


Breakage 
height* ' 
(cm) 


o o o o o o 
CN •- CM CN r-» 


o o o 
\0 in m 


Genera- 
tion of 


agglome- 
rates of 
bottle 


o o o o o o 


X O O 


Cel 
gene- 
cation 
of 

bottle 


® o o o o ® 


X ® © 


Transparency 
of bottle 


Ovec- 
all 

evalu- 
ation 


o o o o p o 


X X O 


t o 

{ rO 3 
X» > ^ 


<7* in in VB 00 


€□ r» n 
CN ^ n 


«a i « 
10 re 3 
X > ^ 


r*. OJ CN in V in 
rn r> n <*i n 


9.3 
10.5 
3.5 


Blow moldability 


Over- 
all 

evalu- 
ation 


o o o o o o 


XXX 


Thick- 
.ness un- 
evenness 

(mm) . 


0.20 
0.15 
0.15 
0.20 
0.15 
0.20 


0.35 
0.45 
0.45 


Average 
wall 
thick- 
ness (mm) 


0.40 
0.60 
0.55 
0. 55 
0.55 
0.45 


0.65 
0.25 
0.25 


Drawdown property 
of parison'* 


Over- 
all 

evalu- 
ation 


o o o o o o 


< < X 


Difference 
between max. 
and min. dia- 
meters* > (cm) 


CN CN m CN fo 
o o o o o o 


CO — 
O CI 


Draw- 
down 
time 
(sec) 


fs. m n o» ^ »*» 

r- O* C* f- <H 


a% o o> 
CN *- 






Example 26 
Example 27 
Example 28 
Example 29 
Example 30 i 
Example 31 


Comp . Ex . 24 
Comp.Ex. 25»» 
Comp . Ex . 26 



e 
c 

6 



m 

n 



B 



■O 
9 



o w 

•D 9 



c 



.H A ^ ^ 

<o o 

o» o» C 

c c -o 

•t^ 9 

^ ^ 'O 

^ ^ ^ 3 

re re o o 

Ui u« £ U 

o 5" In lo 



The following is understood from Tables 29, 30 and 32. 

The copolyesters of Examples 26 through 31. consisting essentially of terephthalic acid units and ethylene glycol 
units and further containing diol units (I) and/or diol units (II) having a benzene ring and units (bg) from a multi-functional 
compound in amounts of 0.5 to 7 mole % and 0.005 to 0.5 mole %. respectively, based on the moles of total constituting 



67 



EP 0 774 477 A2 



units of the copolyesters, can be produced smoothly by solid phase potymerization in a short period of tinne of not more 
than 30 hours, to have an intrinsic viscosity suited for melt molding such as extrusion blow molding. On producing bot- 
tles by extrusion blow molding of the copolyesters obtained in Examples 26 through 31 . the drawdown time of extruded 
parisons was in a proper range of 17 to 23 seconds, the difference between the maximum and minimum diameters of 
parisons was not more than 0.4 cm. the production of bottles was at least 120 pieces per hour with the defectives being 
less than 10 pieces per 100 pieces, thus proving excellent drawdown property. The obtained bottles had an average 
wall thickness of 0.3 to 0.7 mm and thickness unevenness of less than 0.3 mm. thus showing excellent blow moldability. 
Furthermore, the bottles obtained in Examples 26 through 31 had a haze value of not more than 4 and a b-value of not 
more than 4. thus proving to have excellent transparency. The bottles have a get generation of not more than 5% and a 
rate of generation of agglomerates of not more than 5 pieces/100 cm^. both being very low. The bottles have a falling 
breakage height of at least 100 cm. thus proving to have excellent falling impact strength. 

On the other hand, the following is understood from the results shown in Tables 31 and 32. 

The copolyestef of Comparative Exanrple 24, consisting essentially of terephthalic acid units and ethylene glycol 
units and, although containing diol units (I) and/or units (II) having a benzene ring and units (bg) from a multi-functional 
compound, having a content of the multi-functional compound units (ba) exceeding 0.5 mole % based on the moles of 
total constituting units of the copolyester gave, on producing bottles by extrusion blow molding, bottles having a thick- 
ness unevenness of 0.35 mm. thus proving to have poor blow moldability. Furthermore, the bottles had a minutely 
roughened surface and had a haze value of at least 8, thus proving to have poor transparency. The bottles had a large 
number of gels and unmelted agglomerates and had a falling breakage height of 60 cm. thus proving to have low falling 
impact strength and tow quality. 

The copolyester of Comparative Example 25. consisting essentially of terephthalic acid units and ethylene glycol 
units and. although containing diol units (I) and/or units (II) having a benzene ring and units (133) from a multi-functional 
compound, having a content of the diol units (I) and/or units (11) having a benzene ring exceeding 7 mole % based on 
the moles of total constituting units of the copolyester, was amorphous. The degree of polymerization of the copolyester 
could therefore not be increased by solid phase polymerization. The copolyester could not show a high melt viscosity 
at a temperature of 270**C, so that extrusion blow molding was impossible at this temperature. Extrusion blow molding 
was hence conducted at a temperature of 210''C. at which the molding was narrowly possible. The resulting parisons 
had poor drawdown property. On producing bottles, the obtained bottles had a thickness unevenness of 0.45 mm. thus 
proving to have poor blow moldability. Furthermore, the bottles obtained in Comparative Example 25. having been 
molded at a low temperature! had a markedly and finely roughened surface, thereby showing a haze value exceeding 
8, which means poor transparency, and having poor tactility. The bottles had a falling breakage height of 50 cm. thus 
proving to have low falling impact strength and low quality. 

The copolyester of Comparative Example 26. consisting essentially of terephthalic acid units and ethylene glycol 
units and. although containing 2.2-bis[4-(2-hydroxyethoxy)phenyl]propane units and pentaerythritol units as diol units 
(I) and/or units (II) having a benzene ring and multi-functional compound units (ba). respectively, had its intrinsic viscos- 
ity increased to 0.7 dt/g solely by melt polycondensation. Then, the copolyester did not show a high melt viscosity at a 
temperature of 270'»C. thereby giving parisons having poor drawdown property. On producing bottles by extrusion blow 
molding, the obtained bottles had an average wall thickness of 0.25 mm and a thickness unevenness of 0.45 mm. thus 
proving to have poor blow motdability. The bottles had a falling breakage height of 50 cm. thus having a low falling 
impact strength and low quality. 

Exaniple 92 

(1) A slurry vyas prepared from 97.00 parts by weight of terephthalic acid. 48.73 parts by weight of ethylene glycol. 
3.90 parts by weight of 2,6-naphthalenedicarboxylic acid. 0.063 part by weight of trimethylolpropane and 0.01 6 part 
by weight of benzoic acid. To the slurry. 0.020 part by weight of germanium dioxide. 0.015 part by weight of phos- 
phorus acid. 0.01 5 part by weight of cobalt acetate and 0.01 5 part by weight of tetraelhyl ammonium hydroxide were 
added. The resulting slun-y was heated, under a pressure (absolute pressure: 2.5 kg/cm^), to a temperature of 
250°C. to conduct esterification to an esterif ication ratio of 95%. to produce a low-polymerization-degree com- 
pound! The compound thus obtained was. under a reduced pressure of 1 mmHg and at a temperature of 270°C. 
melt polycondensed. to yield a copolyester prepolymer having an intrinsic viscosity of 0.69 dl/g. The prepolymer 
was extruded through a nozzle into a strand, which was then cut into cylindrical chips (diameter: about 2.5 mm, 
length: about 3.5 mm). The prepolymer had a melt flow rate (t^FR) at 270*>C of 28 g/10 min. 

(2) The copolyester prepolymer chips thus obtained were, after being pre-dried at a temperature of 150*C for 5 
hours, subjected to solid phase polymerization with a tumbling type vacuum solid phase polymerization apparatus 
under a reduced pressure of 0.1 mmHg at 210°C for 24 hours, to yield a high molecular copolyester. 

(3) The copolyester obtained in the above (2) was tested for the content of each structural units by the afore- 
described method. The content of terephthalic acid units, ethylene glycol units, 2,6-naphthalenedicarboxylic acid 
units, trimethylolpropane units, benzoic acid units or diethylene glycol units was as shown in Table 34 below. 
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(4) The copoiyester obtained in the above (2) was also tested for the physical properties accordance to the afore- 
described methods, to show, as shown in Table 34 below, an intrinsic viscosity of 1 .1 1 dVg. an MFR at 270°C of 1 .9 
g/10 min and melt viscosities at the same temperature and at a shear rate of 0.1 rad/sec (r, 1) and at a shear rate 
of 100 rad/sec (ti 2) of 1.77 x 10^ poises and 1.70 x lO'* poises, respectively, which led to a value of (l/3)logio(Ti 
2/n 1) of -0.34. . , ^ 

The copoiyester obtained in the above (2) was further tested for the shark-sl^in critical shear stress (a ss) and 
shear stress (a 100) at a shear rate of 100 /sec. at a temperature of 270''C. to show 6.0 x 10^ dyne/cm and 2.3 x 
10^ dyne/cm^, respectively ^ ^ ^ . 

The copoiyester obtained in the above (2) was further tested for the x c, Tg, Tm. Tec and AHcc. to show, as 
showninTable34below.30%. 79'>C.245°C.1 38°C and 13 J/g. respectively 

The copoiyester obtained in the above (2) had a terminal carboxyl group concentration (CEG) of 12 pequiva- 

(5) The copoiyester obtained in the above (2) was extrusion btow molded through an extrusion blow molding 
machine (hollow molding machine Type BM-304 • J2. made by Placo Co.) into bottles (designed capacity: 1 800 ml. 
designed weight: 80 g). The Intermediate product parisons were tested for drawdown property and Wow moldability. 
and the resulting bottles for transparency, generation of gels, generation of agglomerates, falling breakage height 
and falling impact strength, in accordance with the above-described methods, to give the results shown in Table 40 
below. 

gyamtiles 33 through 35 

There were used terephthalic acid and ethylene glycol in amounts as shown in Table 34 below. In addition. 2.6- 
naphthalenedicarboxylic acid, and trimethylolpropane or trimellitic anhydride, and 2-naphthoic acid, beruoic acid or 
2 4 6-trimethoxybenzoic add were used as a bifunctional compound for the bifunctional compound units (ag). a mulH- 
fiinrtional compound for the multi-functional compound units (bi) and a monotunctional compound for the moriofunc- 
tional compound units (c). respectively, in amounts as shown in Table 34. With these, esterification and melt poly- 
condensation were conducted in the same manner as in Example 32. to prepare copoiyester prepoiymer chips. The 
copoiyester prepolymers obtained were each sitojected to solid phase polymerization under the conditions of temper- 
ature and time as shown in Table 34. to yield copdyesters. . ^ • ». 

The copolyesters thus obtained were each tested for the content of structural unite and properties in the same man- 
ner as in Example 32. The results are shown in Table 34 below. 

The copolyesters obtained in these Examples 33 through 35 were each extruston blow molded in the same manner 
into bottles The drawdown property and blow moldability of the parisons and the transparency, generation of gels, gen- 
eration of agglomerates, falling breakage height and falling impact strength of the obtained bottles were determined or 
evaluated by the above-desaibed methods. The results are shown in Table 40 below. 

EYanrmles 36 through 39 

There were used terephthalic acid and ethylene glycol in amounts as shown in Table 35. In addition. 4.4'-biphenyl- 
dicarboxylic acid and pentaerythrrtol, trimellitic anhydride or trimethylolpropane. and stearic acid, stearyl alcohol, m- 
anisic acid or benzoic acid were used as a bifunctional compound for the bifunctional compound units (ag), a multi-func- 
tional compound for the muHi-functional compound units (b^) and a monofunctional compound for the monofunctional 
comoound unite (c), respectively, in amounte as shown in Table 35. With these, esterification and melt polycondensation 
werrconducted in the same manner as in Example 32. to prepare copoiyester prepoiymer chips. The copoiyester pre- 
polymers obtained were subjected to solid phase polymerization under the condittons of temperature and time as 
shown in Table 35. to yield copolyesters. . ^ ^ • «. „.™<.™o„«<>r 

The copolyesters thus obtained were tested for the content of structural unite and properties in the same manner. 
The resulte are shown in Table 35 below. . 

The copolyesters obtained in these Examples 36 through 39 were extrusion blow molded in the same manner into 
bottles The drawdown property and blow moldability of the parisons and the transparency, generation of gels, genera- 
tion of agglomerates, falling breakage height and falling impact strength of the obtained bottles were determined or 
evaluated by the above-described methods. The resulte are shown in Table 40 below. 

Examples 40 through 43 

There were used terephthalic acid and ethylene glycol in amounts as shown in Table 36. In addition, 2.6-naphtha- 
lenedicarboxylic acid or 4.4'-biphenyldicarboxylic acid, and trimethylolpropane. trimellitic anhydride or pyromellitic anhy- 
dride were used in amounts as shown in Table 36. as a bifunctional compound for the bif unctfonal compound units (ag) 
and a multi-functional compound for the multi-functional compound unite (bi). respectively, without using any mono- 



69 



'774 477 



Page 70 of 88 



EP 0 774 477 A2 

functional compound tor the monofunctional compound units (c). With these, esterification and melt polycondensation 
were conducted In the same manner as in Example 32. to prepare copolyester prepolymer chips. The copolyester pre- 
polymers obtained were subjected to solid phase polymerization under the conditions of temperature and time as 
shown in Table 36, to yield copolyesters. 

5 The copolyesters thus obtained were tested for the content of structural units and properties in the same manner. 
The results are shown in Table 36 below. ^ . 

The copolyesters obtained in these Examples 40 through 43 were extrusion blow molded in the same manner into 
bottles The drawdown property and blow moldability of the parisons and the transparency, generaton of gels, genera- 
tion of agglomerates, falling breakage height and falling impact strength of the obtained bottles were determined or 

10 evaluated by the above^Jesaibed methods. The results are shown in Table 40 below. 

F» ymplas 44 and 45 

There were used terephthalic acid and ethylene glycol in amounts as shown in Table 37. In addition, 4,4'-biphenyl- 
15 dicarboxylic acid and trimellitic anhydride were used in amounts as shown in Table 37. as a bifunctional compound for 
the bifunctional compound units (33) and a multi-functional compound for the multi-functional compound units (bi). 
respectively without using any monofunctional compound for the monofunctional compound units (c). With these, ester- 
ification and melt polycondensation were conducted in the same manner as in Example 32. to prepare copolyester pre- 
polymer chips. The copolyester prepolymers obtained were subjected to solid phase polymerization under the 
20 conditions of temperature and time as shown in Table 37, to yield copolyesters. 

The copolyesters thus obtained were tested for the content of structural units and properties in the same manner. 
The results are shown in Table 37 below. ^. ^ • . . 

The copolyesters obtained in these Exanrples 44 and 45 were extrusion blow nrwlded in the same manner into bot- 
tles The drawdown property and blow moldability of the parisons and the transparency, generation of gels, generation 
25 of agglomerates, falling breakage height and falling impact strength of the obtained botUes were determined or evalu- 
ated by the above-described methods. The results are shown in Table 40 below. 

nnnnparative Examples 27 through 29 

There were used terephthalic acid and ethylene glycol in amounts as shown in Table 38. In addition, 2.6-naphtha- 
lenedicarboxylic acid was used as a bifunctional conpound tor the bifunctional compound units (83). and no multi-furic- 
tional compound tor the multi-functional compound units (b,) was used or trimethylolpropane was used as the mu t- 
functional compound units (b,) in amounts as shown in Table 38. Further no monofunctional compound for the multi- 
functional compound units (c) was used or benzoic acid was used as the monofunctional compound units (c) in an 
amount as shown in Table 38. With these, esterification and melt polycondensation were conducted in the same man- 
ner as in Example 32. to prepare copolyester prepolymer chips. The copolyester prepolymers obtained were subjected 
to solid phase polymerization under the conditions of temperature and time as shown in Table 38, to yield copolyesters 
(in Comparative Examples 27 and 29. where the obtained copolyester prepolymer chips were tound to be amorphous, 
they were subjected to the below-described extrusion Wow molding as they are. without being subjected to the solid 

40 phase polymerization). ^ i. • ^ 

The copolyesters thus obtained were each tested tor the content of structural units and properties in the same man- 
ner as in Example 32 (in Comparative Examples 27 and 29. the determinations were made at 210»C for the above rea- 
son). The resuits are shown in Table 38 below. ^ . u. 

The copolyesters obtained in these Comparative Examples 27 through 29 were each extrusion blow molded in the 
45 same manner as in Example 32 into bottles fin Comparative Examples 27 and 29. the extrusion Wow molding was con- 
ducted at 21 CC for the above reason). The drawdown property and blow moldability of the pansons and the transpar- 
ency, generation of gels, generation of agglomerates, falling breakage height and telling impact strength of the obtained 
bottles were determined or evaluated by the above-described methods. The results are shown in Table 41 below. 

50 Comparative gxamole 30 through 32 

There were used terephthalic acid and ethylene glycol in amounts as shown In Table 39. In addition, 2.6-naphtha- 
lenedicarboxylic acid was used as a bifunctional compound for the Afunctional compound units (33). and no multi-func- 
tional compound tor the multi-functional compound units (b,) was used or trimellitic acid or trimethylolpropane was used 
55 for the multi-functional compound units (b,) in amounts as shown in Table 39. Further no monofunctional compound for 
the monofunctional compound units (c) was used or benzoic acid was used tor the monofunctional compound units (c) 
in an amount as shown in Table 39. With these, esterification and melt polycondensation were conducted in the same 
manner as in Example 32, to prepare copolyester prepolymer chips. The copolyester prepolymers obtained were sul3- 
jected to solid phase polymerization under the conditions of temperature and time as shown in Table 39. to yield copol- 
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yesters. 

The copolyesters thus obtained were tested for the content of structural units and properties in the same manner 
as in Example 32. The results are shown in Table 38 below. 

The copolyesters obtained in these Comparative Examples 30 through 32 were each extrusion blow molded in the 
5 same manner as in Example 32 into bottles. The drawdown property and blow moldability of the parisons and the trans- 
parency, generation of gels, generation of agglomerates, falling breakage height and falling impact strength of the 
obtained bottles were determined or evaluated by the above-described methods. The results are shown in Table 41 
below. 

The content of the coding used in Tables 34 through 39 is as shown in Table 33 below. 



10 

Table 33 





Code 


Compound 


15 


TPA 


Terephthalic acid 


EG 


Ethylene glycol 




DEG 


Diethylene glycol 




NDCA 


2.6-Naphthalenedicarboxylic acid 


20 


BBA 


4.4'-Biphenyldicarboxylic acid 




TMA 


Trimellitic anhydride 




PMA 


Pyromellitic anhydride 


25 


TMP 


Trimethylolpropane 




PENTA 


Pentaerythritol 




BA 


Benzoic acid 




NA 


2-Naphthoic acid 


30 


TMOBA 


2.4.6-Trimethoxybenzoic acid 




STA 


Stearic acid 




STOH 


Stearyl alcohol 


35 


AA 


m-Anisic add 
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Table 34 





Example 32 


Example 33 


Example 34 


Example 35 


Starting raat'l conponant 










D 1 c a t D o X y 1. i w dkA.u 
componen t 
Type: parts by weight 


TP A : 9 7. 00 


TPA: 95.00 


TPA: 93.00 


TPA: 90.00 


Diol component 
Type: parts by weight 


EG : 48.73 


EG: 48.73 


EG: 48.73 


EG: 48.73 


Bifunctional compound 
Typo: parts by weight 


NDCA: 3.90 


NDCA: 6.51 


NDCA: 9.10 


NDCA: 9.30 


Multi-functional compound 
Type: pares oj wwiyn*. 


TMP; 0.063 


TMP: 0.190 


TMA: 0.889 


TMA: 0.866 


Mono t unc t lona* cwmfw**"** 
Type: parts by weight 


BA: 0.016 


NA: 0.113 


BA: 0.S65 


TMOBA: 2.945 


Prepolymer 
Intrinsic viscosity (dl/g) 


0 . 69 


0.69 


0.70 


0.69 


MFR (q/10 win) 


28 


25 


• 25 


24 


Solid phase 
polymerisation 










temperature CO 


210 


210 


210 


210 


time (hr) 


25 


22 


25 


25 


Copolyester 










(structural unit| 










Dicarboxylic acid units 
Type : mole % 


TPA: 48.50 


TP A : 4 / . 3 1 


TPA : 4 6.49 


TPA: 45.49 


Diol units 
Typo : nole \* * 

Typo : mole %' * 


EG: 48.70 
DEC: 1.24 


EG: 48.58 
DEG: 1.18 


EG: 47.79 
DEG: 1.21 


EG: 46.80 
DEG : 1.21 


Bifuctional compound 
units 


NDCA: 1.50 


NDCA: 2.4 9 


NDCA: 3.51 


NDCA: 4.51 


Multi-functional 
compound units 
Type: mole %' * 


TMP: 0.05 


TMP : 0.16 


TMA : 0.49 


TMA: 0.49 


Monof unc t ional 
compound units 
Type: mole 


BA: 0.01 


NA: 0.09 


B A : 0-51 


X nVi/Dn . I • aw 


(Physical propertiesl 

Intrinsic viscosity (dl/9 


1.11 


1 . 17 


1.19 


1 . 02 


MFR (g/10 oln) 
5 1 (poises) 


1.9 
1.77 X 10' 


0.8 
6 . 70 X ^0* 
2.31 X 10* 


0 . 6 
B . 10 X lU 

2.01 X ^o* 


1 . 1 
5.10 X 10* 
9.59 X 10* 


tf 2 (poises) 

(1/3) log, , (i? 2//7 1) 

Q ss (dyne/c«») ^ 


1 .70 X 10« 
-0.34 
6.0 X 10* 


-0.46 
6.6 X 10* 


-0. 53 
8.5 X 10* 


-0.57 
9.1 X 10* 


a 100 (dyne/cm") 


2.3 X 10* 


3.7 X 10' 


3.2 X 10» 


1 .3 X 10* 


Crystallinlty (*) 


30 


30 


25 


23 


Tg rC) 


79 


81 


85 


91 


Tm rC) 


245 


236 


225 


215 


Tec rc) 


138 


139 


125 


1 19 


AHcc (J/g) 


13 


1 1 


10 


a 


CEG (^equlvalent/g) 


12 


1 1 

1 unites of COI 


12 

aolvesters . 


12 



the sum of total constituting units of copo 



72 



p 774 47? 



EP 0 774 477 A2 







Table 


35 








Example 36 


Example 37 


Example 36 


Example 39 




Stsctxn^ msc'l conpononc 










5 


1/ it CO t D V X / A & W awAU 

component 
Type: parts by weight 


TPA : 95 . 00 


TrA : 7 4C . Uw 


TPft • o ^ nn 


VtrIK : » 3 . QU 




Olol component 
Type: parts by weight 


EG: 48,73 


. EG: 48.73 


bu : 4 o . / J 


EG : 48.73. 


70 


Bifunctional compound 
Type: parts by weight 


6BA: 7.29 


BBA: 11.66 


BBA: 7.29 


BBA: 10.21 




Multi-functional compound 
Type: parts by weight 


PENTA:0.049 


TMA: 0.57B 


TMP: 0.253 


TMA: 0.463 




Monof unctional compound 
Type: parts by weight 


STA: 0.035 


STOH: 0.405 


AA: 0.183 


BA: 0.588 


75 


Prepolyroer 










Intrinsic viscosity (dl/g) 


0.68 


0 .70 


0.70 


0.68 




MFR (g/10 oiin) 


25 


26 


27 


26 




Solid phase 
polymeriz^at ion 










20 


temperature (* C) 


210 


210 


^ 1 u 


210 


time (hr) 


25 


25 


20 


20 




Copciyester 












[structural unit) 










25 


Dicacboxylic acid unit;; 
Type: mole % 


TPA: 47.51 


TPA: 46.00 


TPA: 4 7.49 


TPA : 4 6.51 


Diol units 
Type: mole %• ' 


EG: 48.73 


EG: 46.44 


EG: 4 8.67 


EG: 48.17 




Type : mo ie %• * 


DEC: 1.20 


DEC : 1.21 


DEG : 1.16 


DEG: 1.18 


30 


Sifuctional compound 
units 
Type : mole % • * 


BBAi 2.49 


BBA: 4.00 


BBA: 2.49 


BBA: 3.49 




Hulti-f unctional conpound 
units 












Type: mole %" 


PENTA: 0.05 


TMA: 0.25 


TMP: 0.05 


TMA : 0.24 


35 


Monof unctional 
conpound units 
Type: mole %< ' 


STA: 0.02 


STOH: 0. 10 


AA: 0.10 


BA: 0.41 




[Physical properties! 












Intrinsic viscosity (dl/g) 


1 . 19 


1 . 10 


1 .00 


1 .05 




MFR (g/10 min) 


1 .3 


0.9 


1 . 1 


0 , 7 


40 


jf 1 (poisas) 


1 .30 X 10» 


5.90 X 10> 


3. 15 X 10« 


6. 13 X 10* 


J7 2 (poisas) 


1 . 59 X 10* 


1.35 x 10* 


1 .35 X 10« 


1 . IS x 10< 




(1/3) log, , („ 2/fl 1) 


-0.30 


-0.55 


-0.46 


-0.56 




a ss (dyne/cm* ) 


6.0 X 10* 


7,5 X 10* 


6.4 X 10* 


7.5 X 10* 




a 100 (dyne/cm«) 


3.3 X 10» 


2.1 X 10» 


3.0 X 10» 


2.0 X 10" 


45 


Crystalllnity (%) 


29 


25 


25 


25 




Tg rc) 


79 


81 


79 


81 




Tm rc) 


237 


225 


236 


224 




Tec r C) 


139 


125 


137 


123 


50 


6HCC (J/q) 


13 


6 


11 


8 


CEG (^equivalent/g) 


12 


12 


1 1 


10 




) Based on the sum of total 


constituting 


units of copolyesters . 
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Table 36 





Example 40 


Ex amp 1 e 4 1 






Starting cnat'l component 

Dicarboxylic acid 
component 
Type: parts by weight 


TPA: 97.00 


TPA: 95.00 


TPA; 9 2.00. 


TPA ; 95.00 


Diol component 
Type: parts by weight 


EG: 4 8.73 


EG : 48.73 


EG: 48.73 


EG: 4 8.73 


Bifunctional compound 
Type: parts by weight 


NDCA: 3.90 


NDCA: 6.5 1 


NDCA: 10.40 


BBA: 7.29 


Multi-functional compound 
Type; parts by weight 


TMPt 0.08 1 


TMA: 0.578 


TMA: 0.925 


PMA: 0.263 


Mono functional compound 
Type: parts by weight 










Prepolyraer 
Intrinsic viscosity (dl/g) 


0.69 


0.69 


0.69 


0.70 


MPP fa/in mini 


29 


25 


25 


26 


Solid phase 
polymerisation 










temperature (' C) 


210 


210 


210 


2 10 


time (hr) 


25 


25 


22 


21 


Copolyester 

{structural unit) 

Dicarboxylic acid units 
Type : mole % 


TPA: 48.51 


TPA: 47.50 


TPA; 4 5.00 


TPA: 47.52 


Dlol units 
Types mole *»* 

Type : mole %' ' 


EG: 48.7 5 
DEC : 1 . 20 


EG ; 48 . 54 
DEC 1.21 


EG : 46.41 
DEC : 1.19 


EG : 4 8.71 
DEG : 1.19 


Bifuctional compound 
units 
Type: mole *•* 


NDCA: 1.49 


NDCA: 2.50 


NDCA: 4.00 


BBA: 2.48 


Multi-functional 
compound units 
Type: mole 


THP: 0.0 5 


TMA: 0.25 


TMA: 0.40 


PMA: 0.10 


Mono functional 
compound units 
Type: mole %'* 


- 


- 


- 


- 


(Physical properties) 

Intrinsic viscosity (dl/g) 


1 . 15 


1 . 17 


1. 10 


1 . 14 


MFR (g/10 min) 


1.2 


0.7 


0 . 9 


0 . 6 


If 1 (poises) 


1.21 X 10* 


5.55 X 10» 


3. 15 X 10» 


5.68 X 10* 


J7 2 (poises) 


1.69 X 10* 


2. 10 X 10* 


1.65 X 10" 


1 . 29 X 10* 


(1/3) log,. („ 2/n 1) 


-0.28 


-0 . 47 


-0 .43 


<0.55 


a ss (dyne/cm*) 


6.6 X 10* 


8.7 X 10* 


5.7 X 10« 


6.9 X 10* 


o 100 (dyna/cra») 


2.4 X 10* 


2.5 X 10* 


3.2 X. 10* 


1 . 5 X 10* 


Crystallinity (%) 


29 


30 


25 . 


30 


Tg rc) 


79 


82 


92 


81 


Tm CO 


243 


228 


219 


229 


Tec (• C) 


133 


125 


115 


126 


aHcc (J/g) 


9 


5 


1 1 


8 


CEG (M«qulvalent/g) 


11 1 12 


8 . 


10 



1) Based on the sura of total constituting units of copolyester s . 
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Table 37 







Example 44 


Example 45 




Starting roat'l component 






5 


Dicarboxylic acid 
component 
Type: parts by weight 


TPA: 92.00 


TPA: 93.00 




Did component 
Type: parts by weight 


EG: 48. 73 


EG: 48.73 


10 


BlCunctional compound 
Type: parts by weight 


BBA: 11.66 


BBA: 10.21 




Multi-functional compound 
Type! parts by weight 


TMA : 0 . 695 


TMA : 0.116 




Honof unc t ional compound 
Type: parts by weight 


- 


- 


15 


Pre polymer 








Intrinsic viscosity (dl/g) 


0.69 


0.70 




MFR (g/10 mtn) 


28 


29 




Solid phase 
polymer i cat ion 






20 


temperature (* C) 


210 


2 10 




time (hr) 


25 


25 




Copolyester 








(structural unit] 






25 


Dicarboxylic acid units 
Type: mole % 


TPA: 46.00 


TPA : 46.51 




Diol units 
Type : nole %* * 


EG: 48.5 1 


EG : 48.74 




Type: mole %»* 


DEC : 1.19 


DEC : 1.21 


30 


Bifuctional compound 
units 
Type: mole 


BBA: 4.00 


BBA: 3.49 




Mul t i- f unc tlonal 
compound units 
Type : mole % ' ' 


inn i U • .lU 




35 


Monofunct ional 
compound units 
Type: mole % 








(Physical properties] 








Intrinsic viscosity (dl/g) 


1 . 10 


1.01 




MFR (g/10 min) 


1 . 1 


0 . 9 


40 


jl 1 (poises) 


6.12 X 10* 


4.05 X 10* 


n 2 (poises) 


1.02 X 1 0 * 


g 5 5 X 10' 




(1/3) log,, {j, 2/jt 1) 


-0.59 


-0. 54 




a ss (dyne/cm') 


7 .7 X 10* 


6.5 X 10» 




a 100 (dyne/cm") 


1.2 X 10» 


1.9 X 10* 


45 


Crystallinlty (%) 


29 


24 




Tg CO 


80 


85 




To rc) 


235 


225 




Tec r C) 


132 


125 


50 


AHcc (J/g) 


13 


10 


CEG (Mequivalant/g) 


13 


16 



1) Based on the sum of total constituting units of copol yes ters . 
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Table 38 





Conp.Ex. 27 


Corap.Ex. 28 


Comp.Ex. 29 


Starting mat'l component 

Dicarboxyllc acid 
component 
Type: parts by weight 


TPA: 70.00 


TPA: 99.40 


TPA: 70.00 


Diol component 
Type: parts by weight 


EG: 48.73 


EG: 48.73 


EG: 48.73 


BiCunctlonal compound 
Type: parts by weight 


NDCA: 39.04 


NDCA: 0.78 


NDCA: 39.04 


Multi-functional compound 
Type; parts by weight 




TMP: 0.227 


TMP: 0.227 


Monof unctional compound 
Type: parts by weight 


- 




BA: 0.260 


13 ^ A n A 1 v m o p 
Q po A J in W t 

Intrinsic viscosity (dl/g) 


0.75 


0 . 70 


0.70 


MFR Ig/TO rain) 


20 


25 


29 


Solid phase 
polymer iiat ion 








temperature (* C) 




210 




time (hr) 


- 


25 




Copolyester 

(structural unit) 

Dicarboxyllc acid units 
- Type: mole % 


TPA: 35.01 


TPA: 49.71 


TPAs 35.05 


Dlol units 
Type: mole %•* 

Type: mole %" 


EG: 48.65 
DEG : 1 . 35 


EG :46.36 
DEG : 1.50 


EG: 48.57 
DEG : 1.19 


Bifuctlonal compound 
units 
Type: raol« %" 


NDCA: 15.01 


NDCA: 0.29 


NDCA: 14.95 


Multi-functional compound 
units 

Type: mole 




TMP: 0.14 


TMP! 0.14 


Monof unctional 
compound units 
Type: mole * 






BA : 0.10 


[Physical properties! 

Intrinsic viscosity (dl/g) 


0.75'' 


1.15 


0 . 70* * 


MFR {g/10 min) 


5 . 1 


5 . 9 


2 . 5 


tl 1 (poises) 


9.02 X 10^ 


2.10 X 10* 


1 . 15 • X 10* 




2.05 X 10* 


8.80 X 10> 


3.46 X 10* 


(1/3) log, , (J7 2/i7 1) 


-0.21 


-0.46 


-0.17 


a ss (dyne/cm» ) 


2.0 X 10« 


5.9 X 10« 


1.6 X 10» 


a 100 (dyne/cm«) 


5.0 X 10* 


2.5 X 10» 


4.8 X 10* 


Crystallinity (%) 




41 




Tg CC) 


105 


78 


106 


Tm CO 




252 




Tec rc) 




153 




AHcc (J/g) 




29 




CEG (pequivalent/g) 


30 


12 


31 



the sum of cotal constituting units of copolyeste 



2) The prepolymer was tested at 210* 
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Table 39 





Comp . Ex . 30 


Comp. Ex. 31 


Comp. Ex. 32 


Starting mac'l component 

Oica r'Doxy 1 ic acid 
component 
Type: parts by weight 


Tr A • » 3 • uu 


TPA : 9 3.00 


TPA: 95.00 


Dlol component 
Type: parts by weight 


EG • 48.73 


EG I 48.73 


EG: 48.73 


Bifunctional compound 
Type: parts by weight 


NDCA: 6.51 


NDCA: 13.65 


NDCA: 6.5 1 


Multi-functional compound 
Type: parts by weight 


TMA: 1.785 


- 


TMP: 0.231 


Monof unctional compound 
Type: parts by weight 






BA: 4.411 


Prepolymer 
Intrinsic viscosity (di/g) 


0.70 


0.75 


0.70 


MFR (q/10 min) 


25 


. 20 


• 25 


Solid phase 
polymerization 








temperature (' C) 


210 




2 1 0 


time (hr) 


10 


- 


72 


Copolyester 

[structural unitj 

Dicarboxylic acid units 
Type: mole % 


TPA : 47.51 


TPA: 4 6.49 


TPA: 47.51 


Dlol units 
Type: mole %' * 

Type: mole %' » 


EG: 48.70 
DEC : 1.12 


EG : 4 8.65 
DEC : 1-35 


EG: 46 . 36 
DEG: 1.50 


Bifuctional compound 
units 
Type : mole %' * 


NDCA: 2.49 


NDCA: 5.27 


NDCA: 2.49 


Multi-functional compound 
units 

Type: raole 


TMA: 0.7S 




TMP ; 0.10 


Monof unctlonal 

compwuna uiixv.a 
Type: mole ' 


- 


- 


BA: 3.01 


[Physical properties! 

Intrinsic viscosity (dl/g) 


_«> 


0.75 


0. 80 


MFR (g/10 min) 


0.3 


5.1 


25 


,f 1 (poises) 


2.20 X 10" 


9. 18 X 10* 


9 . 10 x 10» 


9 2 (poises) 


9 90 X 10' 


2.01 X 10* 


8. 60 X 10' 


(1/3) log,, (q 2/iy 1) 


-0.78 


. -0.22 


-0.01 


a ss (dyne/cm«) 


4.0 X 10» 


2.0 X 10* 


5.8 X 10» 


a 100 (dyne/cm«) 


3.9 X 10» 


5.2 X 10" 


1.5 X 10« 


Crystalltnity (%) 


35 


27 


24 


Tg CC) 


78 


85 


78 


Tm i'C) 


235 


230 


220 


Tec r C) 


ISO 


129 


153 


AHcc (J/g) 


23 


15 


20 


CEG (pequivalent/g) 


21 


12 


30 



1) Based on the sum of total constituting units of copoly 

2) Could not be tested because of generation of too many 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



u 

«0 
Q. 

6 . 


1 

r 3 C 
U '-* O 
• « 

o « • « 




Falling i 
strength* 


o» - 

« U 

X £ ^ 

9 U 

U 9 ^ 

m jz 


oooooooooooooo 


Genera- 
tion of 


agglome- 
rates of 
bottle 


®®@®@@®®oooooo 


Gel 

gene- 
ration 
of 

bottle 




Transparency 
of bottle 


Over- 
all 

evalu- 
atlon 


oooooooooooooo 


9 

1 «0 3 
JD > 


ir»ovorn<NODa)»-o*^r*-«r'-in 
orli-I^^^^-^cNdi- — — 


9 

(4 1 9 

nl (0 3 
I > -t 


a)Oo«»-»-c7»o«r*.r>v«ai'W 


Blow moldability 


Over- 
all 

evalu- 
at Ion 


OOOOOOOOOOOOOO 


Thick- 
ness un- 
evenness 

(mm) 


0.20 
0.20 
0.20 
.0.22 
0.19 
0.15 
0.20 
0. 19 
0.21 
0.14 
0.15 
0.20 
0.15 
0. 19 


Average 
wall 
thick- 
ness (mm) 


0,51 
0.55 
0,49 
0.54 
0.55 
0.51 
0.46 
0.50 
0.44 
0.47 
0.49 
0.50 
0.55 
0.48 


Drawdown property 
of parlson" 


Over- 
all 

evalu- 
ation 


OOOOOOOOOOOOOO 


Difference 
between max. 
and mln. dia- 
meters'* (cm) 


oooooooooooooo 


3 C • U 
ID , 3 E « 
ki o «• 


^oajn*— irior--oor«.fn^o*o*r* 






Example 32 
Example 33 
Example 34 
Example 35 
Example 36 
Example 37 
Example 38 
Example 39 
Example 40 
Example 4 1 
Example 42 
Example 43 
Example 44 
Example 45 
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The following is understood from Tables 34 through 37, and 40. 

The copolyesters of Examples 32 through 39. consisting essentially of terephthalic acid units and ethylene glycol 
units and further containing bifunctional compound units (ag) and the multi-functional compound units (bi) in amounts 
of 0 5 to 7 mole % and 0.005 to 1 mole %. respectively, based on the moles of total constituting units of the copolyesters 
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and containing the monofunctional compound units (c) in an amount satisfying the above formula (a), and the copoly- 
estersof Examples 40 through 45. consisting essentially of terephthalic add units and ethylene glycol units and further 
containing bifunctional compound units (ag) and the multi-functional conpound units (bi) in amounts of 0.5 to 7 mole 
% and 0.005 to 0.5 mole %. respectively, based on the moles of total constituting units of the copolyesters. can be pro- 
duced smoothly by solid phase polymerization in a short period of time of not more than 30 hours, to have an intrinsic 
viscosity suited for melt molding such as extrusion blow molding. On producing bottles by extrusion blow molding of the 
copolyesters obtained in Examples 32 through 45. the drawdown time of extruded parisons was in a proper range of 1 6 
to 23 seconds, the difference between the maximum and minimum diameters of parisons was not more than 0.6 cm. 
the production of bottles was at least 1 20 pieces per hour with the defectives being less than 1 0 pieces per 1 00 pieces, 
which indicates the excellent drawdown property of the parisons. The obtained bottles had an average wall thickness 
of 0.3 to 0.7 mm and thickness unevenness of less than 0.3 mm. thus showing excellent blow moldability. Furthermore, 
the bottles obtained in Examples 32 through 45 had a haze value of not more than 4 and a b-value of not more than 4. 
thus proving to have excellent transparency The bottles had a gel generation of not more than 5% and a rale of gener- 
ation of agglomerates of not more than 5 pieces/1 00 cm^. both being very low. The bottles had a falling breakage height 
of at least 100 cm, thus proving to have excellent falling impact strength. 

On the other hand, the following is understood from the results shown in Tables 38 and 41 . 
The copolyesters of Comparative Examples 27 and 29. consisting essentially of terephthalic acid units and ethyl- 
ene glycol units and. although containing the bifunctional compound units (ag), having a content of the bifunctional com- 
pound units (aa) exceeding 7 mole % based on the moles of total constituting units of the copolyester, were amorphous. 
The degree of polymerization of the copolyesters could therefore not be increased by solid phase polymerization. The 
copolyesters could not show a high melt viscosity at a temperature of 270°C. so that extrusion blow molding was impos- 
sible at this temperature. Extrusion blow molding was hence conducted at a tenoperature of 210°G. at which the molding 
was narrowly possible. The resulting parisons had poor drawdown property. On producing bottles, the obtained bottles 
had a thickness unevenness of 0.45 mm. thus proving to have poor blow moldability. Furthermore, the bottles obtained 
in Comparative Examples 27 and 29. having been molded at a low temperature, had a markedly and finely roughened 
surface, thereby showing a haze value exceeding 8. which means poor transparency, and having poor tactiltty. The bot- 
tles had a falling breakage height of 50 cm. thus proving to have low falling impact strength and low quality. 

The copolyester of Comparative Example 28, consisting essentially of terephthalic acid units and ethylene glycol 
units and. although containing the bifunctional compound units (ag) and multi-functional compound units (bi). having a 
content of the multi-functional compound units (bi) of less than 0.5 mole % based on the moles of total constituting units 
of the copolyester. gave, when extrusion blow molded, bottles having a thickness unevenness of 0.33 mm. thus showing 
poor Wow moldability The obtained bottles, having a high rate of crystallization, had a haze value of at least 8. thus hav- 
ing poor transparency The bottles had a falling breakage height of 80 cm. thus proving to have low falling impact 
strength and low quality. 

The following is understood from the results shown in Tables 39 and 41. 

The copolyester of Comparative Example 30. consisting essentially of terephthalic acid units and ethylene glycol 
units and. although containing the bifunctional compound units (33) and multi-functional compound units (bi), contain- 
ing no monofunctional compound units (c) and having a content of the multi-functional compound units (bi) exceeding 
0.5 mole % based on the moles of total constituting units of the copolyester, which deviates the range specified in the 
present invention, gave, when extrusion blow molded, bottles having a thickness unevenness of 0.35 mm. thus showing 
poor blow moldability. The obtained bottles had a minutely roughened surface and had a haze value of at least 8, thus 
having poor transparency. The bottles had a large number of gels and unmelted agglomerates and had a falling break- 
age height of 70 cm. thus proving to have low falling impact strength and low quality. 

The copolyester of Comparative Example 31, consisting essentially of terephthalic acid units and ethylene glycol 
units and. although containing the bifunctional compound units (ag), containing neither multi-functional compound units 
(bi) nor monofunctional compound units (c). gave parisons having poor drawdown property On production of bottles 
by extrusion blow molding, the obtained bottles had an average wall thickness of 0.20 mm and a thickness unevenness 
of 0.50 mm. thus showing poor blow moldability. The obtained bottles had a very small thickness at the central part of 
their body and had a falling breakage height of 50 cm. thus proving to have low falling Impact strength and low quality. 

The copolyester of Comparative Example 32, consisting essentially of terephthalic acid units and ethylene glycol 
units and. although containing the bifunctional compound units (ag), multi-functional compound units (bi) and mono- 
functional compound units (c), having a content of the monofunctional compound units (c) exceeding the range of the 
above formula (a) could not have its degree of polymerization increased to a sufficient level by melt polymerization and 
solid phase polymerization and hence had a low viscosity. The copolyester, when extrusion blow molded, could not form 
parisons, thereby yielding no shaped articles. 

Obviously, numerous modifications and variations of the present invention are possible in light of the above teach- 
ings. It is therefore to be understood that within the scope of the appended claims the invention may be practiced oth- 
enwise than as specifically described herein. 
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Claims 



(1) A copolyester consisting essentially of terephthalic add units and ethylene glycol units. 

(2) said copolyester further comprising: 

(i) at least one group of units (aO from an alicyclic or aliphatic bifunctional compound selected from the 
group consisting of alicyclic or aliphatic dicarboxylic adds, diols and hydroxycarboxylic acids other than 
ethylene glycol, in an amount of 1 to 4 mole % based on the moles of total constituting units of said copol- 
yester; 

(ii) units (bi) from at least one multi-functional compound having at least 3 carboxyl groups, hydroxy! 
groups and/or ester-forming groups of the foregoing, in an amount of 0.005 to 1 mole % based on the 
moles of total constituting units of said copolyester; and 

(iii) units (c) from at least one monofunctional compound selected from the group consisting of monocar- 
boxylic acids, monohydric alcohols and ester-forming derivatives of the foregoing, in an amount satisfying 
the following formula (a) : 



{20x{p-2)xbi} s ce {0.1 x(p-2)xbi} (a) 



where: 



bi = content (mole %) of units (bi) from said multi-functional compound in said copolyester 

c = content (mole %) of units (c) from said monofunctional compound in said copolyester 

p ;= average number of functional groups of said multi-functional compound deriving said units (bi). 



2. The copolyester according to Claim 1 . wherein said units (ai) from an alicydic or aliphatic bifunctional compound 
is either cyclohexanedimelhanol units or cydohexanedicarboxylic add units. 



(1) A copolyester consisting essentially of terephthalic add units and ethylene glycol units. 

(2) said copolyester further comprising: 

(i) at least one group of bifunctional compound units (ag) selected from the group consisting of: 
(a) diol units (I) each represented by the following formula (I) 



(I) 



wherein A is a group represented by formula -CHaCHa- or formula -CH(CH3)CH2-. B is a divalent 
hydrocaiton group, a carbonyl group, a sulfonyl group, an oxygen atom or a direct bond (-), R and R 
are each, independently, an inert substituent. j and k are each independently an integer of 0 to 8 and 
s and t are each, independently, an integer of 0 to 4; and 
(b) dipl units (II) each represented by the following formula (II) 



Wherein A is a group represented by formula -CHgCHg- or formula -CH(CH3)CH2-. R^ is an Inert sub- 
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stituent, m and n are each, independently, an integer of 0 to 8 and u is an integer of 0 to 4; 

in an amount of 0.5 to 7 mole % based on the moles of total constituting units of said copolyester; 

(ii) multi-functional compound units (bi) derived from at least one multi-functional compound having at 
least 3 cart>oxyl groups, hydroxyl groups and/or ester-forming groups of the foregoing, in an amount of 
0.005 to 1 mole % based on the moles of total constituting units of said copolyester: and 

(iii) monofunctional compound units (c) derived from at least one monofunctional compound selected from 
the group consisting of monocarboxyllc acids, monohydric alcohols and ester-forming derivatives of the 
foregoing, in an amount satisfying the following formula (a): 



where: 



{20x(p-2)xbi} ^ c ^ {0.1 x{p-2)xb-,) (a) 



bi = content (mole %) of units (bi) from said multi-functional compound in said copolyester 

c = content (mole %) of units (c) from said monofunctional compound in said copolyester 

p = average number of functional groups of said multi-functional conrpound deriving said units (b^) 



(1) A copolyester consisting essentially of terephthalic acid units and ethylene glycol units. 

(2) said copolyester further comprising: 

(i) at least one group of bifunctional compound units (ag) selected from the group consisting of: 
(a) diol units (0 each represented by the following formula (I) 



wherein A is a group represented by formula -CH2CH2- or formula -CH(CH3)CH2-, B is a divalerrt 
hydrocarbon group, a carbonyl group, a sulfonyl group, an oxygen atom or a direct bond (-), and R 
are each, independently, an inert substituent, j and k are each independently an integer of 0 to 8 and 
s and t are each, independently, an integer of 0 to 4; and 
(b) dial units (II) each represented by the following formula (II) 



wherein A is a group represented by formula -CHgCHg- or formula -CH(CH3)CH2-. R is an inert sub- 
stituent. m and n are each, independently, an integer of 0 to 8 and u is an integer of 0 to 4; 
in an amount of 0.5 to 7 mole % based on the moles of total constituting units of said copolyester; and 

(ii) multi-functional compound units (ba) derived from at least one multi-functional compound having at 
least 3 carboxyl groups, hydroxyl groups and/or ester-forming groups of the foregoing, at least one of said 
groups being carboxyl group or ester-forming group thereof, in an amount of 0.005 to 0.5 mole % based 
on the moles of total constituting units of said copolyester; and 

(3) having an intrinsic viscosity of 1 .0 to 1 .4 dl/g. 
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(1) A copolyester consisting essentially of terephthalic add units and ethylene glycol units. 

(2) said copolyester further comprising : 

(i) at least one group of bifuncBonal compound units (as) selected from the group consisting of: (a) diol 
units (I) each represented by the following formula (1) 

wherein A is a group represented by formula -CHaCHa- or formula -CH(CH3)CH2- B is a diva^nt hydro- 
Ja*on group, a car^onyl group, asulfonyl group, an oxygen atom or a direct bond (-), R^ and are each^ 
independently, an inert substituent. j and k are each independently an .nteger of 0 to 8 and s and t are 
each, independently, an integer of 0 to 4; and 

(b) diol units (II) each represented by the following formula (II) 

wherein A is a group represented by formula -CHaCHa- or formula -CH(CH3)CH2., is an inert sub- 
stituent. m and n are each, independently, an integer of 0 to 8 and u is an integer of 0 to 4; 
in an amount of 0.5 to 7 mole % based on the moles of total constituting units of said copolyester; and 

(ii) multi-functional compound units (bg) derived from at least one aliphatic o^lif y^'^^"")-*"" 

pound having at least 3 hydroxyl groups and/or ester-forming groups thereof, in an amount of 0.005 to 0.5 

mole % based on the moles of total constituting units of said copolyester; and 

(3) having an intrinsic viscosity of 0.8 to 1.5dl/g. 



(1) A copolyester consisting essentially of terephthalic add units and ethylene glycol units, 

(2) said copolyester further comprising: 

(0 at least one group of bifunctional compound units (ag) selected from the group consisting of "nitsfrom 
a wndensed ring type aromatic dicarboxylic acid and units from a ring assembly type aromatic dicarbox- 
Jifacid. in an alunt of 0.5to7mole%based on the moles of total constituting^ 
Jo multi-functional compound units (b,) derived from at least one mu*-func^onal compound having a 
least 3 carboxyl groups, hydroxyl group and/or ester-forming groups of the foregoing .n an anrount of 
0 005 to 1 mole % based on the moles of total constituting units of said copolyester; and 
(iii) monofunctional compound units (c) from at least one monofuncfenal compound «elerted from the 
group consisting of monocarboxylic acids, monohydric alcohols and ester-forming derivatives of the fore- 
going, in an amount satisfying the following formula (a): 



{20x{p-2)xbil B cs {0.1 x(p-2)xbi} 



(a) 



where: 



b, = content (mole %) of units (bO from said multi-functional compound in saW copolyester 

c = content (mole %) of units (c) from said monofunctional compound in said copolyester 
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average number of functional groups of said multi-functional compound deriving said units (bi). 



(1) A copolyester consisting essentially of terephthalic acid units and ethylene glycol units. 

(2) said copolyester further comprising: 

(i) at least one group of brfunctional compound units (ag) selected from the group consisting of units from 
a condensed ring type aromatic dicarboxylic acid and units from a ring assembly type aromatic dtcarbox- 
ylic acid, in an amount of 0.5 to 7 mole % based on the moles of total constituting units of said copolyester: 

l\) multi-functional compound units (bi) derived from at least one multi-functional compound having at 
least 3 caitoxyl groups, hydroxy! groups and/or ester-forming groups of the foregoing, in an amount of 
0.005 to 0.5 mole % based on the moles of total constituting units of said copolyester. 

8. The copolyester according to either Claim 6 or Claim 7. wherein said bifunctional compound units (ag) are 2.6- 
naphthalenedicarboxylic acid units and/or 4,4'-biphenyldicarboxylic acid units. 

9. The copolyester according to any one of Claims 1 through 3 and Claims 6 through 8. further having an intrinsic vis- 
cosity of 0.8 to 1 .5 dl/g. 

10 The copolyester according to any one of Claims 1 through 9. further having a melt viscosity h 1) at a temperature 
" of 270»C and at a shear rate of 0.1 rad/sec and a melt viscosity {y\ 2) at a temperature of 270^0 and at a shear rate 
of 100 rad/sec of 5 x lO^* to 5 x 10^ poises and 5 x 10^ to 5 x 10^ poises, respectively, said melt viscosities (ii 1) 
and {r\ 2) satisfying the formula 

-0.7 ^ (1/3)log io(il 2/ti 1) ^ -0.2 (P) 

11. The copolyester according to any one of Claims 1 through 10. further having a shark-skin critical shear stress (a 
ss) at a temperature of 270°C of at least 1x10^ dyne/cm^ and a stear stress (a 100) at a shear rate of 100 /sec 
and at a temperature of 270*C of not more than said shark-skin critical shear stress (a ss). 

12. A molded article comprising the copolyester according to any one of Claims 1 through 11 . 

13. The molded article according to Claim 12. being an extmsion blow molded article. 

14. A process for producing molded articles, which comprises extrusion blow molding the copolyester according to any 
one of CJaims 1 through 11. 

15. Aprocessforprodudngacopolyesteraccordingtoanyoneof Claims 1 and 2 and Claims 9 thro^ 11, which com- 



prises: 



(1) subjecting to esterification or transesterification starting materials consisting essentially of a dicarboxylic 
acid component comprising terephthalic acid or ester-forming derivatives thereof and a diol component com- 
prising ethylene glycol, said starting materials further comprising: 

(a) at least one alicyclic or aliphatic bifunctional compound selected from the group consisting of alicyclic 
or aliphatic dicarboxylic acids, hydroxy carboxylic acids and ester-forming derivatives of the foregoing and 
alicyclic or aliphatic diols other than ethylene glycol; 

(b) at least one multi-functional compound having at least 3 carboxyl groups, hydroxyl groups and/or ester- 
forming groups of the foregoing; and ^ 

(c) at least one monofunctional compound selected from the group consisting of monocarboxylic acids, 
monohydric alcohols and ester-forming derivatives of the foregoing: 

® the content of said alicyclic or aliphatic bifunctional compound in said starting materials being such 
that the ratio between units (ai) from said alicyclic or aliphatic bifunctional compound and total consti- 
tuting units of the resulting copolyester becomes 1 to 4 mole % based on the moles of the total con- 
stituting units; . . . 
® the content of said multi-functional compound in said starting matenals being such that the ratio 
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between units (b^) from said multi-functional compound and total constituting units of the resulting 
copolyester becomes 0.005 to 1 mole % based on the moles of the total constituting units; and 
® the content of said monofunctional compound in said starting materials being such that the ratio 
between units 

(c) from said monofunctional compound and total constituting units of the resulting copolyester based on 
the moles of total constituting units satisfies the following formula (a) 



{20x(p-2)xbi) s c^ {0.1 x(p-2)xbi) (a) 

where: 

bi = content (mole %) of units (b^) from said multi-functional compound in the resulting copolyester 

c = content (mole %) of units (c) from said monofunctional compound in the resulting copolyester 

p = average number of functional groups of said multi-functional compound deriving said units (b^): 

(2) melt potycondensing the ester obtained in the above step (1) to prepare a polyester prepolymer; and 

(3) subjecting said polyester prepolymer obtained in the above step (2) to solid phase polymerization. 

16. A process for producing a copolyester according to any one of Claim 3 and Claims 9 through 1 1 . which comprises: 

(1) subjecting to esterification or transesterificatlon starting materials consisting essentially of a dicarboxylic 
acid component comprising terephthalic add or ester-forming derivatives thereof and a diol component com- 
prising ethylene glycol, said starting materials further comprising: 

(i) at least one bifunctional compound selected from the group consisting of: 

(a) diols (III) represented by the following formula (III) 



"-f^-if ''''' 

wherein A is a group represented by formula -CH2CH2- or formula -CH(CH3)CH2-. B is a divalent 
hydrocarbon group, a carbonyl group, a sulfonyl group, an oxygen atom or a direct bond (-), and 
are each, independently, an inert substituent, j and k are each independently an integer of 0 to 8 and 
s and t are each, independently, an integer of 0 to 4; 
(b) diols (IV) represented by the following formula (IV) 



wherein A is a group represented by formula -CH2CH2- or formula -CH(CH3)CH2-, R^ is an inert sub- 
stituent. m and n are each, independently, an integer of 0 to 8 and u is an integer of 0 to 4; and 
(c) ester-forming derivatives of the above (a) and (b); 

(ii) at least one multi-functional compound having at least 3 carboxyl groups, hydroxyl groups and/or ester- 
forming groups of the foregoing; and 

(iii) at least one monofunctional compound selected from the group consisting of monocartjoxylic acids, 
monohydric alcohols and ester-forming derivatives of the foregoing; 

® the content of said bifunctional compound in said starting materials being such that the ratio 
between diol units (I) and/or diol units (II). and total constituting units of the resulting copolyester 
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becomes 0.5 to 7 mole % based on the moles of the total constituting units; 

® the content of said multi-functional compound In said starting materials being such that the ratio 
between units (b^) from said multi-functional compound and total constituting units of the resulting 
copolyester becomes 0.005 to 1 mole % based on the moles of the total constituting units: and 
® the content of said monofunctional compound in said starting materials being such that the ratio 
between units (c) from said monofunctional compound and total constituting units of the resulting 
copolyester based on the moles of the total constituting units satisfies the following formula (a) 



{20 X {p - 2) X bil ^ C s {0,1 X (p - 2) xbi) (a) 

where: 

b. ^ content (mole %) of units (bi) from said multi-functional compound in the resulting copolyester 

c = content (mole %) of units (c) from said monofunctional compound in the resulting copolyester 

p = average number of functional groups of said multi-functional compound deriving said units {bi) ; 

(2) melt polycondensing the ester obtained in the above step (1) to prepare a polyester prepolymer; and 

(3) subjecting said polyester prepolymer obtained in the above step (2) to solid phase polymerization. 

1 7. A process for producing a copolyester according to any one of Claims 4. 1 0 and 11 . which comprises: 

(1) subjecting to esterification or transesterification starting materials consisting essentially of a dicarboxylic 
acid component conprising terephthalic add or ester-forming derivatives thereof and a diol component com- 
prising ethylene glycol, said starting materials further comprising: 

(i) at least one bifunctiona! compound selected from the group consisting of: 

(a) diols (III) represented by the following formula (III) 



Wherein A is a group represented by formula -CH2CH2- or formula -CH(CH3)CH2-. B is a divalent 
hydrocarbon group, a carbonyl group, a sulfonyl group, an oxygen atom or a direct bond (-). R and R 
are each, Independently, an inert substituent. j and k are each independently an integer of 0 to 8 and 
s and t are each, independently, an integer of 0 to 4; 
(b) diols (IV) represented by the following formula (IV) 



wherein A is a group represented by formula -CHgCHg- or formula -CH(CH3)CH2-, R^ is an inert sub- 
stituent. m and n are each, independently, an integer of 0 to 8 and u is an integer of 0 to 4; and 
(c) ester-forming derivatives of the above (a) and (b); and 

(ii) at least one multi-functional compound having at least 3 carboxyl groups, hydroxy! groups and/or ester- 
forming groups of the foregoing, at least one of said groups being carboxyl group or ester-rforming groups 
thereof; 

(D the content of said bifunctional compound in said starting materials being such that the ratio 
between diol units (I) and/or diol units (II). and total constituting units of the resulting copolyester 
becomes 0.5 to 7 mole % based on the moles of the total constituting units; and 
® the content of said multi-functional compound in said starting materials being such that the ratio 
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between units (62) from said multi-functional compound and total constituting units of the resulting 
copolyester becomes 0.005 to 0,5 mole % based on the moles of the total constituting units; 

(2) melt polycondensing the ester obtained in the above step (1) to prepare a polyester prepolymer; and 

(3) subjecting said polyester prepolymer obtained in the above step (2) to solid phase polymerization. 

18. A process for producing a copolyester according to any one of Claim 5 and Claims 10 and 1 1 . which comprises: 

(1) subjecting to esterification or transesterification starting materials consisting essentially of a dicarboxylic 
acid component comprising terephthalic add or ester-forming derivatives thereof and a diol component com- 
prising ethylene glycol, said starting materials further comprising: 

(i) at least one bifunctional compound selected from the group consisting of: 

(a) diols (III) represented by the following formula (III) 



wherein A is a group represented by formula -CH2CH2- or formula -CH(CH3)CH2-. B is a divalent 
hydrocartwn group, a carbonyl group, a sulfbnyl group, an oxygen atom or a direct bond (-), and R 
are each, independently, an inert substituent, j and k are each independently an integer of 0 to 8 and 
s and t are each, independently, an integer of 0 to 4; 
(b) diols (IV) represented by the following formula (IV) 



wherein A is a group represented by formula -CHgCHg- or formula -CH(CH3)CH2-. is an inert sub- 
stituent. m and n are each, independently, an integer of 0 to 8 and u is an integer of 0 to 4; and 
(c) ester-forming derivatives of the above (a) and (b); and 

(ii) at least one multi-functional aliphatic or alicydic compound having at least 3 hydroxyl groups and/or 
ester-forming groups thereof ; 

0 the content of said bifunctional compound in said starting materials being such that the ratio 
between diol units (I) and/or diol units (II), and total constituting units of the resulting copolyester 
becomes 0.5 to 7 mole % based on the moles of the total constituting units; and 

® the content of said multi-functional compound in said starting materials being such that the ratio 
between units (bs) from said multi-functional compound and total constituting units of the resulting 
copolyester becomes 0.005 to 0.5 vnole % based on the moles of the total constituting units; 

(2) melt polycondensing the ester obtained obtained in the above step (1) to prepare a polyester prepolymer; 
and 

(3) subjecting said polyester prepolymer obtained in the above step (2) to solid phase polymerization. 

19. A process for producing a copolyester according to any one of Claim 6 and Claims 8 through 1 1 , which comprises: 

(1) subjecting to esterification or transesterification starting materials consisting essentially of a dicarboxylic 
acid component comprising terephthalic acid or ester-forming derivatives thereof and a diol component com- 
prising ethylene glycol, said starting materials further comprising: 
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(a) at least one bifunctional compound selected from condensed ring type aromatic dicarboxylic acids and 
ring assembly type aromatic dicarboxylic acids; 

(b) at least one multi-functional compound having at least 3 carboxyl groups, hydroxy! groups and/or ester- 
forming groups of the foregoing; and 

(c) at least one monotu notional compound selected from the group consisting of monocarboxylic acids, 
monohydric alcohols and ester-forming derivatives of the foregoing; 

® the content of said bifunctional compound In said starting materials being such that the ratio 
between units (83) from said bifunctional compound and total constituting units of the resulting copol- 
yester becomes 0.5 to 7 mole % based on the moles of the total constituting units; 
® the content of said multi-functional compound in said starting materials being such that the ratio 
between units (bi) from said multi-functional compound and total constituting units of the resulting 
copolyester becomes 0.005 to 1 mole % based on the moles of the total constituting units; and 
® the content of said monofunctional compound in said starting materials being such that the ratio 
between units 

(c) from said monofunctional compound and total constituting units of the resulting copolyester based on 
the moles of the total constituting units satisfies the following formula (a) 



{20 x (p ■ 2) x b 1) s c s {0.1 X (p - 2) X b 1} (a) 

where: 

bi = content (mole %) of units (b^ from said multi-functional compound in the resulting copolyester 

c = content (mole %) of units (c) from said monofunctional compound in the resulting copolyester 

p = average number of functional groups of said multi-functional compound deriving said units (bi); 

(2) melt polycondensing the ester obtained In the above step (1) to prepare a polyester prepolymer; and 

(3) subjecting said polyester prepolymer obtained in the above step (2) to solid phase polymerization. 

20. A process for producing a copolyester according to any one of Claims 7 through 1 1 . which comprises: 

(1) subjecting to esterification or transesterification starting maflerials consisting essentially of a dicarboxylic 
acid component comprising terephthalic acid or ester-forming derivatives thereof and a diol component com- 
prising ethylene glycol, said starting materials further comprising: 

(a) at least one bifunctional compound selected from condensed ring type aromatic dicarboxylic acids and 
ring assembly type aromatic dicarboxylic acids; and 

(b) at least one multi-functional compound having at least 3 carboxyl groups, hydroxyl groups and/or ester- 
forming groups of the foregoing; 

® the content of said bifunctional compound in said starting materials being such that the ratio 
between units (ag) from said bifunctional compound and total constituting units of the resulting copol- 
yester becomes 0.5 to 7 mole % based on the moles of the total constituting units; and 
® the content of said multi-functional compound in said starting materials being such that the ratio 
between units (bi) from said multi-functional compound and total constituting units of the resulting 
copolyester becomes 0.005 to 0.5 mole % based on the moles of ttie total constituting units; 

(2) melt polycondensing the ester obtained in the above step (1) to prepare a polyester prepolymer; and 

(3) subjecting said polyester prepolymer obtained in the above step (2) to solid phase polymerization. 
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